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SUMMARY
North Carolina Mercury Total Maximum Daily Load (TM DL)

1. 303(d) Listed Waterbody Information
State: North Carolina
County: All counties in North Carolina

Major River Basin: All river basins in North Carolina, including BrdaCape Fear,
Catawba, Chowan, French Broad, Hiwassee, Littlen€ssee, Lumber, Neuse, New,
Pasquotank, Roanoke, Savannah, Tar-Pamlico, Watsdlgge Oak, Yadkin-Pee Dee

Watershed: All watersheds in North Carolina

Impaired Waterbody (2010 303(d) List):All 13,123 Waters in North Carolina are in
category 5-303(d) List due to statewide fish constiom advisory for several fish species.

Constituent(s) of Concern: Mercury
Designated Uses:Fish Consumption
Applicable Water Quality Target:

The U.S. Environmental Protection Agency (EPA) &odd and Drug Administration
(FDA) recommended fish tissue water quality crdarof 0.3 mg methylmercury (MeHg) /
kg fish is selected as the target level for thisOIMSince fish tissues were monitored for
total mercury in North Carolina, and studies haveven that the majority of mercury
concentrations in fish tissues are in the form efhglmercury, the 0.3 mg MeHg/kg fish
tissue mercury target is applied to total mercarfish tissues in this TMDL study. To
protect water bodies from impairment, thd"@@rcentile standardized-length Largemouth
Bass (LMB) fish tissue total mercury concentrai®selected to meet the target level.

TMDL expression: This TMDL is expressed as both annual and dailgdoa

2. TMDL Development

Development Tools (Analysis/Modeling)Basic statistics and Community Multi-scale Air
Quality (CMAQ) model

Seasonal Variation:Mercury deposition and concentrations in watey\hre to seasonal
differences in rain and wind patterns, but thisataoyn is not relevant because mercury
concentrations in fish represent accumulation diveir life spans. Factors such as size and
waterbody conditions have greater effect on merconcentrations than seasonal variation.
The mercury concentration in the fish representmi@gration of all temporal variation up to
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the time of sample collection. Variability amongHibecause of differences in size, diet,
habitat, and other undefined factors are expectde tgreater in sum than seasonal
variability. This TMDL is expressed as an averageual load.

Critical Conditions: Critical conditions in this TMDL are related to s#ivities of water
bodies to mercury loading because of their watemahtry. Fish mercury concentrations
tend to be higher in the eastern coastal plairoregof North Carolina than in the mountain
and piedmont regions. This aspect of critical cbods has been addressed in this TMDL by
using the 98 percentile of the standardized-length LargemouwtisBnercury concentration
over the entire State of North Carolina. The meraancentrations in the most popular and
most likely consumed fish species in eastern NG#lolina are usually less than those found
in Largemouth Bass, and much less than tHep@dcentile of the standardized-length
Largemouth Bass. It is reasonable to expect thatumg concentrations in the most likely
consumed fish species in eastern North Carolinkbeilower than the target level once the
Largemouth Bass mercury concentrations would dediglow the target level. The'90
percentile is calculated from standardized-lengihlgemouth Bass mercury data, which has
also avoided the selection of rare incidences fooiginal samples of large-sized, long-living
fish. By taking into consideration the most semsitivater bodies, the relatively insensitive
water bodies will be protected as well.

3. TMDL Allocation Summary

In order to protect North Carolina waters from nueyampairment and ultimately remove
the fish consumption advisory, a 67% reductioneisded from the 2002 baseline mercury
loading. The final TMDLSs for North Carolina are stoin the following table for both
annual and daily loads.

Table 1. TMDL allocation summary

Annual Load* Daily Load

(kalyn) (Ibslyr) (kg/day) (Ibs/day)
Baseline Point Source 112 247 0.: 0.7
Baseline Nonpoint Source 5,43 11,96: 14.¢ 32.¢
Baseline Total 5,54¢ 12,20¢ 15.2 33.t
Margin Of Safety Implicit Implicit Implicit Implicit
Wasteload Allocation 37 81 0.1 0.2
Load Allocation 1,79¢ 3,94¢ 4. 10.¢
Total Maximum Daily Load 1,831 4,02¢ 5.C 11.C

*Annual loadis included to facilitate implementation of thelglallocations as appropriate in

NPDES permits and nonpoint source directed managemeasuressee Section 6.7.




Point source discharges are considered a smaliilcotidn to mercury concentrations in fish
since cumulative baseline loading of all wastewpt®@nt sources to the receiving waters
accounts for only 2% of total mercury loadings.rfigant decreases in mercury loading will
require reductions in atmospheric deposition. TMDT does not regulate mercury loading
from atmospheric deposition; achieving those raduastwill require strategies that fall
outside the scope of the NPDES permitting program.

For this mercury TMDL, the wasteload allocation (jLis defined as 2% of the TMDL to
ensure that water point source mercury loads resraadl and continue to decrease. Due to
the small percentage contribution from point sosiytlee WLA is statewide and not specified
to individual source, thereby providing a cap fog state. Instead of allocating the WLA
among sources with individual limits, mercury retiie will be accomplished primarily
through mercury minimization plans (MMPs) as needed ancillary efforts that reduce
point source particulate loading (e.g., phosphoargrols, biochemical oxygen demands
(BOD) and total suspended solids (TSS) reductietts,

The primary nonpoint source of mercury is from dgpon of air emissions and hence load
is allocated to air deposition. The allowable lo&dsn atmospheric nonpoint sources are
allocated proportionally to their existing contritmns. Load allocations (LA) and expected
reductions are listed in the following table.

Table 2. TMDL Load Allocation and Expected Reduatio

Nonpoint Source Percentage Baseline Load Allowable Load Expected
Contribution Reduction
(kglyr) | (Ibslyr) (kglyn) (Ibs/yr)

Globa* 66% 3,661 8,05¢ 1,20¢ 2,65¢ 67%"
Regiona** 15% 844 1,857 27¢ 61z 67%"
In- Natura 1% 56 12z 56 123 N/A
State Fanthropogeni 16% g7€| 1,927 252 55E 71%
Total 98% 5,437 11,96: 1,794 3,94¢ 67%

* In this TMDL, mercury air sources coming from sigte the CMAQ model 12 km model
domain are referred as global sources.
**Mercury air sources within the CMAQ model 12 knodel domain but outside North
Carolina are referred as regional sources.
"Expected percent reductions from global and rediaimaources are reductions in total air

deposition of mercury.




As noted above, however, the NPDES permitting @wgdoes not regulate air emissions
and emission reductions necessary to meet thditoadvould require other mercury
reduction strategies at the state, national amtnational level.

4. Public Notice Date:

5. Submittal Date: to be determined

6. Establishment Date:to be determined

7. EPA Lead on TMDL (EPA or blank):

8. Endangered Species (yes or blank):

©

. MS4s Contributions to Impairment (Yes or Blank):

10. TMDL Considers Point Source, Nonpoint Source, or bit: Both
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1. INTRODUCTION

Mercury is a naturally occurring element that carivecreated or destroyed. The same amount
of mercury has existed on the planet since théeeas formed (EPA, 1997). Mercury, however,
can cycle in the environment through both natwaj.(volcanoes, fires, surface emissions) and
human activities€.g.,combustion, commercial products). Human activitiage increased the
amount of mercury that is available in the atmosphi@ soils and sediments, and in various
water bodies (EPA, 2006b). Measured data and nmagladisults indicate that the amount of
mercury mobilized and released into the biosphasreificreased since the beginning of the
industrial age (EPA, 1997).

Humans are exposed to mercury primarily throughsaomption of fish that contain
methylmercury. Methylmercury is a neurotoxin treabiomagnified in aquatic food webs so that
fish, wildlife and humans that consume fish, artepbally at greater risk of exposure to
methylmercury. Research shows that fish consumplo@s not cause a health concern for most
people. However, outbreaks of methylmercury poisgsihave demonstrated that high levels of
methylmercury in the bloodstream of unborn babresyoung children may harm the
developing nervous system, making the child le$s t@mbthink and learn (EPA, 1997).

Mercury can also impact the ecological systemshhatans rely on for other food sources and
for recreation. Birds and mammals that eat fishnaoee exposed to mercury than other animals
in water ecosystems. Similarly, predators thafishteating animals may be highly exposed.
Research suggests that at high levels of exposwathylmercury's harmful effects on these
animals include death, reduced fertility, slowerwth and development, and abnormal behavior
(EPA, 1997).

Fish Consumption Advisory in North Carolina

Based on fish tissue data routinely collected b@.NDepartment of Environment and Natural
Resources (NC DENR), the N.C. Department of Heatith Human Services (NC DHHS) has
issued a statewide fish consumption advisory &ir that contain mercury, advising people to
either limit consumption or avoid eating those lsird fish. NC DHHS advises that most fish are
good to eat and good for people, but some kindslofcontain high amounts of mercury that
can cause health problems in people, especiallgireni. The following table is a summary of
the advisory as of January, 2012t)0://www.epi.state.nc.us/epi/fish/current.hgmi
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Table 1-1. North Carolina Fish Consumption AdvisBymmary

Fish Low in Mercur Fish High in Mercur

Women of Childbearing Ag Eatup to z meas per weel Do not eat
(15-44 years), Pregnant
Women, Nursing Women, and
Children under 15

All Other Individual Eat upto 4 meals per wee Eat only 1 meal per weel

Fish high in mercury include:

Ocean fish: Albacore (white) tuna** fresh or canp&tinaco jack, Banded rudderfish, Cobia,
Crevalle jack, Greater amberjack, South Atlantmugrer (gag, scamp, red and snowy), King
Mackerel, Ladyfish, Little tunny, Marlin, Orangeughy, Shark, Spanish mackerel, Swordfish,
Tilefish, and Tuna (fresh or frozen**)

Freshwater fishBlackfish (bowfin)*, Black crappie***, Catfish (cayht wild)*, Jack fish (chain
pickerel)*, Largemouth bass (statewide), WalleyerfiLake Fontana and Lake Santeetlah
(Graham and Swain counties), and from L&aston (Warren, Halifax and Northampton
Counties), Warmouth*, and Yellow Perch*

*High mercury levels have been found in blackfisb\fin), catfish, jack fish (chain pickerel),
warmouth, and yellow perch caught south and ealsitefstate 85.

**Different species from canned light tuna

***High mercury levels have been found in blackmpée caught south and east of Interstate 95.

303(d)/Total Maximum Daily Loads (TMDLS)

Section 303(d) of the Clean Water Act (CWA) regsiiséates to develop a list of waters not
meeting water quality standards or which have ingobuses. This list is submitted biennially to
the U.S. Environmental Protection Agency for review

Due to the statewide fish consumption advisory anthl Carolina, the designated uses of all
statewide water bodies are impaired by mercuryrdfbee, all named water bodies in NC are
included in the 2008 and 2010 303(d) list for meyampairment.

The 303(d) process requires that a Total MaximurityDaad (TMDL) be developed for each
of the listed waters, where technically feasibleAEcharacterizes the TMDL as the sum of the
wasteload allocation (WLA), load allocation (LAj)cha margin of safety (MOS), or
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TMDL = WLA+ LA+ MOS

The wasteload allocation portion of the TMDL acctsuior the loads from existing and future
point sources. The load allocation portion of thdDL accounts for the loads from existing and
future nonpoint sources and natural background.rmaegin of safety addresses uncertainties in
the data collection and modeling techniques (EP®8). The objective of a TMDL is to

allocate allowable pollutant loads to known sous@shat actions may be taken to restore the
water to its intended uses (EPA, 1990he ultimate objective of this TMDL is to reduchfi
tissue levels of mercury so that fish consumpttbnsaries can be removed and the fish can be
safely consumed.

EPA (2008) has identified the primary componenta ®MDL where mercury loadings are
predominantly from air deposition, as follows:

a. ldentification of Waterbodies, Pollutant Sources
For regional or statewide approaches, this wouttlae identification of the geographic area
and specific waterbodies covered and not coveratiddyf MDL,; description of factors such
as land use, water quality, fish tissue data, ssJ@nd loadings within each region in order
to support a regional approach; and rationale éov and why waterbodies can be grouped.

b. Water Quality Standards and TMDL Target
TMDLs must describe applicable water quality staddgdWQS) and identify a numeric
TMDL target, a quantitative value used to attaid araintain the applicable WQS.

c. Loading Capacity — Linking Water Quality and Padlnot Sources
TMDLs must identify loading capacity and reductioreeded to meet water quality
standards. A Linkage analysis is usually providetink between the numeric TMDL target
and mercury sources, including both point souroesrenpoint sources.

d. Allocation of Pollutant Loads
Allocating pollutant control responsibility to tiseurces of impairment. The wasteload
allocation portion of the TMDL accounts for the dsaassociated with existing and future
point sources. Similarly, the load allocation pantof the TMDL accounts for the loads
associated with existing and future nonpoint sauesel natural background.

e. Margin of Safety (MOS)
The margin of safety addresses uncertainties agedawith pollutant loads, modeling
technigues, and data collection. Per EPA (200@)ntargin of safety may be expressed
explicitly as unallocated assimilative capacityraplicitly due to conservative assumptions.
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f. Seasonal Variation & Critical Conditions
TMDLs should take into account critical conditidos stream flow, loading and water
quality parameters on the TMDL calculation. For cuey, critical conditions might include
impacts of land use, erosion, sulfates, dissolvgdrc carbon (DOC), and pH on mercury
methylation and bioaccumulation, as well as thediotp of meteorology on mercury
deposition. As mercury bioaccumulates over timeuahvariations are usually considered
more important than seasonal variations, partibulfa fish tissue target is used. For
regional or statewide approach, mercury TMDLs sti@l$o take into account differences in
critical conditions & sensitivity to methylation tve2en waterbodies or regions.

Section 303(d) of the CWA and the Water QualitynRlag and Management regulation (EPA,
2000) require EPA to review all TMDLs for approweldisapproval. Once EPA approves a
TMDL, then the waterbody may be moved to Categerpfithe Integrated Report.
Waterbodies remain in Category 4a until complianite water quality standards is achieved.

11
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2. BACKGROUND INFORMATION

2.1 Mercury Species and the Mercury Cycle

Detailed descriptions about mercury species andreury cycle can be found in a number of
publicly-available articles including those pubbkshby EPA [ittp://www.epa.gov/hg/about.h)m
U.S. Geological Surveyn(tp://www.usgs.gov/mercury/and The Encyclopedia of Earth
(http://www.eoearth.org/article/MercyrySome related information is summarized in the
following:

Forms of Mercury

Mercury is a naturally occurring element that isrfd in air, water and soil. It exists in several
forms: elemental or metallic mercury, inorganic ougy compounds, and organic mercury
compounds.

Metallic mercury is the elemental or pure form adrgury and it is a liquid at room temperature.
Metallic mercury is traditionally used in thermomest and some electrical switches. At room
temperature, some of the metallic mercury will erape and form mercury vapors. Mercury
vapors are colorless and odorless.

Inorganic mercury compounds occur when mercury éoesbwith elements such as chlorine,
sulfur, or oxygen. These mercury compounds arecdfied mercury salts. Most inorganic
mercury compounds are white powders or crystals.

When mercury combines with carbon, the compoundsdd are organic mercury compounds.
There are a potentially large number of organicamsr compounds. The most common organic
mercury compound in the environment is methylmercur

Sources of Mercury

Mercury naturally enters the environment as thalted the normal breakdown of minerals in
rocks and soil from exposure to wind and water, famith volcanic activity. It is believed that
mercury releases from natural sources have remaghatilvely constant in recent history.

Human activities since the start of the industgé have resulted in additional release of
mercury to the environment. Approximately 80% df thercury released from human activities
is elemental mercury released to the air, primdrdyn fossil fuel combustion, mining, and
smelting, and from solid waste incineration. Coaitrting power plants are the largest man-made
source of mercury emissions to the air in the Wh#éates, accounting for over 50% of all
domestic human-caused mercury emissions. Aboutdfie total is released to the soil from
fertilizers, fungicides, and municipal solid waéi@ example, from waste that contains
discarded batteries, electrical switches, or thengters). Discharges of industrial wastewater
account for an additional 5% of mercury releaseslidace waters.
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Annual mercury releases due to human activitiegstienated to account for between one-third
and two-thirds of total annual mercury releasemajor uncertainty in these estimates is the
amount of re-emission of mercury that was previpdsiposited due to human activities as
opposed to new natural releases. The continuoeaselof mercury has resulted in current levels
that are three to six times higher than the es@chévels in the preindustrial era atmosphere.

Mercury Cycle
Most of the mercury found in the environment isha form of metallic mercury and inorganic

mercury compounds. In air, the elemental mercupovaan be changed into other forms of
mercury and further transported to water or sorkin or snow. The levels of mercury in the
atmosphere are very low and do not pose a heakh ri

Mercury in the air eventually settles into wateoato land where it can be washed into water.
Once deposited, certain microorganisms can change ihighly toxic methylmercury.
Methylmercury released from microorganisms canrahtewater or soil and remain there for a
long time. Methylmercury can also enter and accateuh the food chain. Methylmercury is
stored in the tissue of small fish that eat aquatg@nisms containing methylmercury, when a
larger fish eats the smaller fish, most of the ryletlercury in the small fish will then be stored
in the body of the larger fish. As a result, thegéa and older fish living in contaminated waters
build up the highest amounts of methylmercury mirthodies. Fish and shellfish are the main
sources of methylmercury exposure to humans.

Figure 2-1. Mercury Cycling.
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2.2 Data Collection and Assessment

Several types of data are used in this TMDL:
NC Division of Water Quality (DWQ) fish tissue marg data
DWQ Eastern Regional Mercury Study data,
National Pollutant Discharge Elimination System NFS) data
NC Division of Air Quality (DAQ) CMAQ (Community Miti-scale Air Quality)
modeling air deposition data
Data collection programs and the methods usedesm@itied in this section while the data
analysis results are discussed in the followingises.

DWQ Fish Tissue Mercury Data

The Environmental Sciences Section of DWQ has cigtéfish tissue samples for total mercury
analysis since 1978. Data are usually reportedirsgigirom 1990 for consistency in laboratory
analysis protocolshftp://portal.ncdenr.org/web/wa/ess/baul/fish-tisdag. From 1990 to 2008,
the Division processed and analyzed 6,436 fishidisamples for mercury analysis. The dataset
covers about 275 statewide sampling locations.

Largemouth Basdicropterus salmoides, LMBembody the largest data subset within the
DWQ fish tissue mercury database, representingl2)8B6% of the 6,436 records collected
from 1990 to 2008. The average fish tissue conagatr for total mercury in Largemouth Bass
was 0.52 mg/kg, much higher than the state’s fistsamption advisory action level of 0.4
mg/kg. Other frequently recorded fish species @1890-2008 DWQ mercury database include
Bowfin (Amia calvg, Bluegill (Lepomismacrochirug, Redear SunfisH_€pomis microlophus),
and Channel CatfisHdtaluruspunctatu. Collective records for these four species regmes
approximately 24% of the DWQ fish tissue mercurtadallected from 1990 to 2008.

The seven most common species that exceed thé&s dislleconsumption advisory action level
(in addition to Largemouth Bass) are: Bowfin, ChRiokerel Esox nige), King Mackerel
(Scomberomorus cavajlawarmouth Lepomis gulosys Yellow Perch Perca flavescens
Spotted SuckeMMinytrema melanopgsand Walleye $tizostedion vitreumThe average fish
tissue mercury concentrations for these speciegethfrom 0.42 (Spotted Sucker) to 0.95 mg/kg
(King Mackerel). However, the number of sampledeutéd for these species were much less
than those for Largemouth Bass. In addition, sofhthase species (e.g. Bowfin and Walleye)
are only found in specific regions within the statich makes them less representative (than
Largemouth Bass) of state-wide mercury issues irifiNOarolina.

Figure 2-2 shows the number of samples collecteddogemouth Bass and Bowfin at stations
across North Carolina from 1990 to 2008.
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Figure 2-2. The number of samples collected fogkarouth Bass (upper panel) and Bowfin
(lower panel) at stations across North Carolinandut 990 to 2008.
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DWOQO Eastern Regional Mercury Study and Mercury $thgtension

The Eastern Regional Mercury Study (ERMS) was cotetlifrom November 2002 to July 2003
to determine low level mercury concentrations irfaxe waters and sediments at 11 sites in
eastern North Carolina (DWQ, 2003). In 2004, thelgtwas extended to include additional
sampling at three of the 2002-2003 sites and &t @igw sites (Mercury Study Extension (MSE))
(DWQ, 2007). The study was expanded to include rsatethe central and western portions of
the state. Quarterly (fall, winter, spring and suennsampling was conducted during both
studies to address seasonal variations at the sttety Parameters collected at the sites included
total and monomethyl mercury, sediment mercuryyaig| sulfate, dissolved organic carbon,
nutrients and physical parameters.

Trace-level mercury sampling (total and monometiwdy conducted using EPA’s Method 1669
(EPA, 1996). This method, together with the EPdYialytical Method 1631E (EPA, 2002),
allowed mercury quantitation level (0.5 ng/l) tofoar-hundred times lower than the method
previously used by DWQ for water and sediment. Twaser sampling methodology includes the
use of clean hands/dirty hands procedures and@lédgpumping of the sample through
Polytetrafluoroethylene (PTFE) tubing into laborgtoleaned and certified Teflon bottles. The
method is performance-based with strict adheremcgidlity assurance procedures including
field and laboratory blanks. Brooks Rand LLC in tHeaWashington performed trace-level
analysis and equipment cleaning and certificafidnis methodology significantly reduces the
risk of contamination at these low levels of quiation.

NPDES Data

National Pollutant Discharge Elimination System [NES) data were retrieved to assess the
mercury point source load within all of North Canal. Effluent mercury monitoring was
required in North Carolina for facilities with paittgally significant impacts to local streams.
Both monitored point source load and total pointrse load were estimated from the dataset.
The monitored point source load represents thet gource load from facilities where mercury
monitoring is required and available. The totalnp@iource load is the estimated point source
load from all NPDES facilities in North Carolinah@refore, the monitored point source load
serves as a lower bound for estimating the totadtmurce load of mercury in NC.

Starting from September 1, 2003, EPA Method 163t gbsequent low-level mercury
methods approved by EPA in 40 CFR Part 136) wilnantitation limit of 0.5 ng/l (EPA, 2002)
and clean sampling techniques (EPA Method 1669¢ weguired when analyzing for total
mercury for facilities that discharge greater tb&h of the stream volume. The requirement
affected approximately 155 facilities that have coey limits and/or monitoring requirements.
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EPA Method 245.1 (with a quantitation limit of 286/1) was used by the rest of the permitted
facilities.

Atmospheric Deposition Modeling and Monitoring Data

Mercury atmospheric deposition is composed of vegiodition and dry deposition. Mercury wet
deposition involves the transfer of mercury frora #imosphere to land or water through
precipitation. Several chemical species of merexigt in ambient air as a result of both natural
and man-made emissions and the water-soluble fofmmercury may be scrubbed out of the
atmosphere by cloud water or rain and snowfall.rkany sensitive surface waters, atmospheric
wet deposition constitutes a significant route @ronry input. Dry deposition of particles and
gases occurs by complex processes such as seftthpagction, and adsorptiolry deposition
processes also contribute to the overall ratemabapheric deposition. Together, these
phenomena can contribute to raise methylmercumiden fish in mercury-sensitive waters
(http://daq.state.nc.us/toxics/studies/mercury/wep.shtm).

Monitoring data are available for wet depositiorotigh the collection and subsequent analysis
of rainfall for total mercury concentration. The QAlas operated two sites for measurement of
mercury in rainfall since 1996. Both deposition ribaring sites are in the eastern part of the
state near mercury-sensitive waters; one at PettiG@tate Park on the shores of Phelps Lake in
Washington County (NC42), and the other at Wacca®tate Park in Columbus County
(NCO08). Data were also collected at Candor in Montgry County (NC26) during a shorter
period of time. Data collected from these statiaresprovided to the National Atmospheric
Deposition Program Mercury Deposition Network (NADPN:
http://nadp.sws.uiuc.edu/MONto aid in the identification of geographical aedhporal trends

in mercury deposition across the U.S. In this TM&ldy, we also looked at wet deposition
recorded at Great Smoky Mountains National Park¥lit in Sevier County, Tennessee (TN11,
close to the border between Tennessee and Northittzgr Rainfall is collected weekly in a
bucket sampler and sent to a laboratory for quetité analysis. Mercury levels are measured
using EPA Method 1631E for total mercury analysid andergo full quality assurance/quality
control procedures before being reported.

No monitoring data are available for dry depositaddmmercury in North Carolina.

In this TMDL study, mercury atmospheric deposit{orcluding both wet and dry deposition) is
assessed using the CMAQ modeling system, whicbveldped and maintained by EPA Office
of Research Development and analyzed and procéssedjh NC Division of Air Quality. For
the purpose of this TMDL study, the CMAQ model @ien 4.71), the emissions data, and the
meteorological simulations for the entire year 802 were provided by EPA. Model runs were
performed by DAQ to estimate nonpoint source (epasition) loading of total mercury from in-
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state, regional, and global sources. Detailed mé&tion about model setup and scenario runs are
provided in Appendix B.

The CMAQ model, designed to simulate various chat@aad physical processes that are
important for understanding atmospheric trace gassformations and distributions, was
initially released to the public by EPA in 1998. @K has been extensively used by EPA and
the states for air quality management analysethdyesearch community for studying relevant
atmospheric processes, and by the internationaireority in a diverse set of model applications
(http://www.epa.gov/asmdnerl/ModelDevelopment/intéaxl).
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3. NORTH CAROLINA WATER QUALITY STANDARDS

North Carolina water quality standards are stagelegions or rules that protect lakes, rivers,
streams and other surface water bodies from pofiu@he rules are in Title 15A of the North
Carolina Administrative Code (NCAC). These ruledude beneficial use designations
(classifications) and numeric levels and narrasitzgements protective of the use designations.

The fresh surface water quality standards appkctbthe waters covered in this mercury
TMDL (15A NCAC 02B .0211) states:

(1) Best Usage of Waters: aquatic life propagataomd maintenance of biological integrity
(including fishing and fish), wildlife, secondargcreation, agriculture and any other
usage except for primary recreation or as a sowtwater supply for drinking, culinary
or food processing purposes;

(2) Conditions Related to Best Usage: thetevga shall be suitable for aquatic life
propagation and maintenance of biological integrityildlife, secondary recreation, and
agriculture. Sources of water pollution which prete any of these uses on either a
short-term or long-term basis shall be consideredbe violating a water quality
standard,;

North Carolina has also adopted water column caitier mercury of 0.012 pg/l for fresh surface
waters. The water column criterion was derived gisite 1984 U.S. Food and Drug
Administration (FDA) fish tissue action level anided by a bioconcentration factor for the
chemical. The FDA action level was derived for ny&trercury in fish. Most of the mercury in
fish is methylmercury and mercury is readily metttgtl by both aerobic and anaerobic bacteria
in fish mucus, liver, and intestines, the FDA fidsue action level for methylmercury is
therefore used to derive the surface water qusiégdard for total mercury.

Assessment Methodoloqy for 303(d) List

The water quality standards discussed above wegktosassess water quality conditions for
mercury in North Carolina. The definition of fislgimcludes fish consumption (15A NCAC
02B .0202). The fish consumption use is assessseth#gon fish consumption advisories. Fish
consumption advisories are issued by NC Departwigdealth and Human Services. These
public advisories are based upon review of fiskugsdata collected by DWQ.
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4. NORTH CAROLINA'S APPROACH

4.1. Statewide Approach

In North Carolina, a statewide fish consumptionigoiy exists for mercury in Largemouth Bass.
This advisory was set because mercury concentgatibbhargemouth Bass exceed the state’s
fish consumption advisory action level across thi&e state.

Based on the fish tissue data collected by DWQ &30 to 2008, the average fish tissue
concentration for total mercury in Largemouth Bass 0.52 mg/kg, much higher than the
state’s fish consumption advisory action level @gf ehg/kg. In addition, mercury concentrations
in Largemouth Bass that exceeded the state’s isBumption advisory action level have
occurred statewide (Figure 4-1). All waters in No@arolina were listed in Category 5 of the
2010 303(d) list for mercury impairment due to setewide fish consumption advisory.

Given that the mercury loadings are predominamtynfair deposition, and mercury transported

by air could reach thousands of miles away fronir #a@ission sources, developing a regional or
statewide TMDL for mercury would be a reasonablgrapch (EPA, 2008).

Considerations on Eco-regional, Basin-wide, andeStale Approaches

Dividing the entire state into multiple eco-regimrsaddressing mercury loading based on
individual river basins are recognized as altewestito statewide approach.

Although elevated Largemouth Bass mercury conceofi®occur statewide, most of the
elevated mercury concentrations occur in the eagt@rt of the state, within Coastal Plains
Ecoregion (Figure 4-1, Middle Atlantic Coastal Rland Southeastern Plains). The highest
mercury concentrations of Largemouth Bass have fmaerd in the southernmost part of the
state in the Lumber River Basin, with mercury coniions reaching a maximum of 3.6 mg/kg.
The Sandhills Ecoregion, which includes the uppaches of the Lumber River Basin in
Scotland, Richmond, Hoke, and Moore counties, latdds numerous Largemouth Bass samples
that are well above the state’s fish consumptionsady action level. The data shows that
Largemouth Bass mercury concentrations tend tadieshin the Coastal Plains Eco-region than
in the Mountains (Figure 4-1, Blue Ridge) and Piedts.

However, streams spanning through multiple ecoeregmay have fish swimming across the

boundaries of an individual eco-region; river basiontaining different fish populations appear
to be more manageable units than eco-regions fineading mercury.

20



North Carolina Mercury TMDL

September 13, 2012

Among the seventeen river basins in North Carolimagemouth Bass mercury data were
collected in the twelve major river basins. Relalwhigher Largemouth Bass mercury levels
were found in the Lumber (averaged at 1.03 mgMRggquotank (averaged at 0.64 mg/kg) and
Cape Fear (averaged at 0.59 mg/kg) river basinge wdiatively lower mercury concentrations
were found in the Catawba (0.17 mg/kg) and Frendad (0.23 mg/kg) river basins (Figure 4-
2). However, not all river basins that are locatethe coastal plains have much higher
Largemouth Bass mercury concentrations than thazsgdd in the mountains and piedmont
areas. The Yadkin (average Largemouth Bass meomungentration = 0.34 mg/kg) and Broad
(0.32 mg/kg) river basins (mostly in the piedmomag have average Largemouth Bass mercury
concentrations similar to those found in the Tamiab (0.40 mg/kg) and White Oak (0.37
mg/kg) river basins (mostly in the coastal plaims)summary, Largemouth Bass mercury
concentrations are in general higher in river bas@siding in the coastal plains than those
located in the mountain and piedmont regions.

Based on the spatial pattern found in LargemoutssBaercury, dividing the entire state into
multiple river basins and calculating a TMDL forchaiver basin seemed a natural choice.
Development of multiple TMDLs based on a basin-wageroach does not seem to be an
effective strategy, however, since mercury souateslominated by atmospheric deposition.
Minnesota took an eco-regional approach for th&ramry TMDL (Minnesota Pollution Control
Agency, 2007), however, by assuming mercury dejoosio be uniform across the state,
Minnesota eventually chose the greater regionalatoh goal as an overall statewide emissions
goal. Therefore, a statewide mercury TMDL, whichtpcts the most sensitive water bodies
within the State would help inform restoration eféato remove the statewide fish consumption
advisory.

In addition to Largemouth Bass, elevated mercunceatrations were also observed in other
fish species whose spatial patterns differed froosé¢ observed in Largemouth Bass. For
example, the average fish tissue mercury concémisabbserved in Walleye was 0.46 mg/kg.
The walleye samples were collected in the westarhqgd the state in the mountains and
piedmont. The average mercury concentration in &yallwas 0.63 mg/kg in Lake Fontana (in
the mountains) and 0.96 mg/kg in Lake Santeetlath@ mountains), similar to the mercury
level found in Largemouth Bass in the river basihcsumber, Pasquotank and Cape Fear
(mostly in the coastal plains). In contrast with 8patial pattern observed in Largemouth Bass,
mercury concentrations observed in Golden RedhdMs&ostoma erythrurujrappeared to be
higher in the river basin of French Broad (in theumtains) than those in Roanoke, Tar-Pamlico
and Neuse (coastal plains) (Figure 4-3). Therefowayniversal spatial pattern of fish mercury
concentration was found for all the fish specidected in the DWQ fish mercury database,
likely (or partly) due to the differences in fishlitat preferences and sample sizes.
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The higher mercury concentration observed in LagégmBass in the eastern part of NC is
likely due to enhanced mercury methylation and égoanulation processes in the local
environments (discussed in Section 5.3), rather tigher mercury loading.

As discussed in Section 5, so far no linkages batvetevated fish mercury concentrations and
local large water and air sources were identifigatkettet al (2010) found that lower tissue
mercury and higher tissue selenium concentraticere weasured in fish collected near power
plants. Fish tissue mercury concentrations wiltbetinually monitored and evaluated by DWQ
to investigate potential local impacts of points@s in NC waters. In the case of locally
elevated fish mercury concentrations that are chbgdocal sources, DWQ will develop a site-
specific mercury TMDL as needed.

A Phase | mercury TMDL study was completed in 189%he Lumber River Basin in North
Carolina [ttp://portal.ncdenr.org/c/document_library/geefiluid=a97c560f-e3d2-4d01-adeb-
f968e6faf199&qgroupld=38364 the quantification of point source loading Viiasted at the

time by the high quantitation limit (200 ng/l) ¢fe analytical method (EPA Method 245.1) used
to monitor effluent mercury concentrations. A ragibair quality model study was proposed to
be included in Phase Il of the TMDL but has notrbeenducted. This statewide mercury TMDL,
which addresses the shortcomings of the Phasedunyef MDL for Lumber River Basin, will
override the previously developed mercury TMDL.

In addition to freshwater fish species, some estaaand saltwater predator fish also have high
mercury levels. For example, King Mackerel caugtthie coastal Atlantic Ocean off the North
Carolina coast have an average mercury concentrati®.95 mg/kg. This mercury TMDL
covers all waters within North Carolina. Howeveernsury sources for high mercury saltwater
fish species that travel through or live predonehain the coastal oceans off the coast of North
Carolina are likely different from those within NlorCarolina waters. As a result, ocean waters
off the North Carolina coast are excluded from T4DL.

A statewide, universal mercury TMDL, which consdiwely considers the necessary mercury
reduction goal to remove fish consumption advissmmoss the state, is appropriate for mercury
TMDL development in North Carolina.
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Figure 4-1. North Carolina distributions of statiaveraged (top panel) and station-maximum
(mid panel) Largemouth Bass fish tissue total mgrconcentrations, and station-averaged fish
length (bottom panel) during 1990-2008.
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Figure 4-2. River basins and ecoregions in Nortroldz (top panel), Largemouth Bass mercury
concentrations (middle panel) and average fishtte(igpttom panel, error bars indicate one
standard deviation) in different river basins.
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4.2. Baseline Year: 2002

The Division of Water Quality selected calendarny@@02 as the baseline year for the North
Carolina mercury TMDL. In June 2002, the N.C. Gah&ssembly enacted Session Law 2002-
4 (the “Clean Smokestacks Act”), which requiredhgigant actual emissions reductions from
coal-fired power plants in North Carolina. As aulgs2002 has become a well-established
baseline for mercury emissions inventories in N@#rolina. Since then, mercury air emissions
from sources in North Carolina have significantgclined.

In addition,global emissions stayed relatively stafstam 1990-2005 (Pacyna and Pacyna, 2002;
Pacyna et al., 2006). The year of 2002 represhatsrid of a period when mercury emissions
and fish concentrations were most likely in a syestdte.

4.3. Water Quality Target

4.3.1 Applicable Water Quality Target

The ultimate goal of this TMDL is to have safe-lenercury concentrations in fish caught in
North Carolina waters so that the fish consumpédwisory in NC can be removed. No numeric
fish tissue water quality standard for mercurystablished in North Carolina, a fish tissue
mercury target is hence needed for this TMDL. Tdieo¥ving are some fish tissue criteria used
by national or North Carolina agencies.

EPA/FDA recommended fish tissue criterion for meycu

The human health Ambient Water Quality Criterionrfeethylmercury recommended by U.S.
EPA and FDA is 0.3 mg methylmercury (MeHg) /kg fish
(http://www.epa.gov/waterscience/criteria/methylnueyépdf/mercury-criterion.pdf The
EPA/FDA published a joint federal advisory for mangcin fish in 2004 using this criterion
(http://water.epa.gov/scitech/swguidance/fishstetlfishadvisories/publicinfo.cfjn

The methylmercury water quality criterion is a cemication in fish tissue. It was calculated
using the criterion equation in the 2000 Human thellethodology
(http://www.epa.gov/waterscience/criteria/humanlgaiethod/complete. pyifearranged to
solve for a protective concentration in fish tissather than in water.

The resulting tissue residue criterion is 0.3 mg-Hdikkg fish. This is the concentration in fish
tissue that should not be exceeded based on disttalnd shellfish consumption-weighted rate
of 0.0175 kg fish/day, which is equivalent to abdwiz fish per week or 19 oz per month. EPA
strongly encourages States and authorized Tribdeuwelop a water quality criterion for
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methylmercury using local or regional data ratlantthe default values if they believe that such
a water quality criterion would be more appropriatetheir target population.

Food and Drug Administration also has an actioelle¥ 1 ppm methylmercury in commercially
caught fish. An action level represents a limibaabove which FDA will take legal action to
remove products from the market. This action lévebnsidered by EPA and FDA to be
inappropriate for establishing local advisory neadd EPA does not support its use for that
purpose littp://www.gpo.gov/fdsys/pka/FR-2001-01-08/pdf/01720d) (66 FR 1344, January 8,
2001).

North Carolina fish consumption advisory actiondefor mercury

The North Carolina Department of Health and HumarviSes considers fish that have on average
methylmercury levels between 0.1 to 0.3 mg MeHg@kdish low in methylmercury, and
recommends that women of childbearing age and remltkss than 15 years of age eat up to two
meals a week of fish low in methylmercuNC DHHS considers average methylmercury levels in
fish tissue of 0.4 mg/kg as potentially unsafevilomen of childbearing age and children
(Williams, 2006).

Using the data from the Faroes Islands study ankl $Ehdardized equations and recommended
doses, the North Carolina Occupational and Enviemtal Epidemiology Branch of NC DHHS
determined the action level for issuing fish adsis®in North Carolina is 0.4 mg
methylmercury/kg fishif the average methylmercury level for a given speat a given location is
0.4 mg/kg or higher then no consumption is recondedrfor women of childbearing age and
children less than 15 years of age and no moredharmeal a week for the general public.

4.3.2 Water Quality Target for Mercury TMDL

The EPA and FDA fish tissue mercury criterion & thg methylmercury / kg fish is selected as
the target level for this TMDL development. Singhftissues were monitored for total mercury
in North Carolina, and studies have shown thatibgrity of mercury concentrations in fish
tissues are in the form of methylmercury, the OgdMeHg / kg fish tissue mercury target is
applied to total mercury in fish tissues in this DMstudy.

The water quality target of 0.3 mg/kg mercury shfis also consistent with the NC DHHS
action level for fish consumption advisory. Itetupper bound of mercury concentration in fish
that NC DHHS considers as low in mercury, and henfish consumption advisory is not issued.

To demonstrate that meeting the fish tissue tamgeaichieve water quality standards (40 CFR
130.7(c)), the bioaccumulation factor (BAF) wasreated from the data of DWQ Eastern
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Regional Mercury Study and Mercury Study Extengsme Section 5.3). The estimated BAF
ranged between 0.6 - 5.4 x°1(kg. The fish tissue mercury target of 0.3 mg#kauld be
equivalent to a total mercury concentration tagdé.6 - 5 ng/l in surface waters. Therefore, by
meeting the target for this TMDL, the numerical gratolumn criterion for total mercury in
North Carolina (12 ng/l) will be met simultaneously

Standardized-length Predator Fish

Various studies have shown that fish MeHg concénotra varied greatly with fish species and
their corresponding trophic levels (Sackett et2009). Predator fish with longer life spans tend
to bio-accumulate more MeHg inside their bodiesdAscribed in Section 2.2, based on the fish
data collected 1990-2008, Largemouth Bass is th&t ommmonly found predator fish in the
waters of North Carolina, representing approxinyatieirty-six percent of the fish tissue mercury
data in the entire database and sixty-nine pexfdirgh samples that are of concern (i.e. fish
having average fish mercury concentration > 0.4kgig/An addition, data available for
Largemouth Bass are widely spread across the sthtke, other fish species of concern were
found typically within a smaller region in NC.

For the southeastern region of North Carolina, tduee higher mercury methylation potential
(discussed under Section 5.3), the general pukktylfaces a higher health risk from fish
consumption. A creel survey of the recreationdldry on the Cape Fear River (a typical
southeastern NC river) showed that one third ofatinglers targeted catfish. A smaller
percentage of anglers targeted other fish spelceggemouth Bass (16 percent), Sunfish(12
percent), Striped Bass(4 percent), American Sham@ent), and Crappie (less than 1 percent).
The remaining 31 percent fished for a combinatibspecies or anything they could get.
Altogether, Sunfish accounted for 59 percent oftthial harvest followed by Catfish, which
accounted for 31 percent of the total harvest. iShr#nd Catfish are the two fish species that are
most likely (~90%) consumed by local anglers onGlape Fear River.

North Carolina Wildlife Resources Commission listed most popular fish species in the
coastal region of North Carolina &riped Bass, American and Hickory Shad, Largemouth
Bass, Crappie, assorted Sunfish (Redear, RedbBiastill, Warmouth and Pumpkinseed),
White and Yellow Perch, and Channel, Blue, Whité Blathead Catfish
(http://www.ncwildlife.org/Portals/O/Fishing/docuntsfCoastal_Region_Fishing_booklet.pdf
A comparison of the mercury concentrations in tHesespecies (from the 1990-2008 DWQ
fish monitoring dataset) is provided in Table 4-1.

As shown in Table 4-1, the mercury concentrationthée most popular and most likely
consumed fish species in eastern North Carolinasually much less than those found in
Largemouth Bass. It is reasonable to expect thatumg concentrations in the most likely
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consumed fish species such as Sunfish and Catfishestower than the target level once the
Largemouth Bass mercury concentrations declinevbtie target level as a consequence of
mercury loading reductions. As a result, Largernd@ass was selected to be the target fish
species for this TMDL.

Within a specific fish species, mercury concentragitend to be higher in larger fish.

Figure 4-4 shows that mercury concentrations irgéarouth Bass usually vary as a function of
the size of the fish. To account for this size-a@ncy of mercury concentrations, the mercury
concentration is compared for fish of the same. Sipeavoid biases caused by different
prevailing fish sizes at different sampling timalgace, we calculated the standardized-length
Largemouth Bass mercury concentration for each kagevent. Standardized length fish
mercury concentrations were also used in otheonedimercury TMDLs approved by EPA
(Minnesota Pollution Control Agency, 2007; Northie2807; New Jersey Department of
Environmental Protection, 2009). The standardizedyémouth Bass length in this TMDL was
calculated as the median Largemouth Bass lengih the samples, which is 353 mm. A
standardized-length fish is also the fish one wond$t often encounter in the environment
(highest sample frequency, Figure 4-4).

A standardized-length Largemouth Bass mercury agnaon was calculated for each survey
during 1990-2008. Multiple fish samples were uuebllected during each survey. Linear
regression was used to generate the relationshigeba fish length and mercury (Hg)
concentration for that particular survey. A stanliized-length Largemouth Bass mercury
concentration was then calculated as the mercurgesuration that corresponds to 353 mm fish
length in the linear function. This exercise brougber 2000 Largemouth Bass mercury
concentration data down to 172 data points of stahrzed-length Largemouth Bass mercury
concentrations. The standardized-length LargemBa#is mercury concentration data were then
used in assessing the reduction goals needed totheeEMDL target.
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Table 4-1. Mercury concentrations (mg/kg) of langeith bass, catfish and sunfish species

Fish Hg Concentratic (mg/kg)

Fish Species Average 75" Percentil 90" percentil¢
LargemouttBass 0.£2 0.€8 1.1C
(LMB)

Warmouth (Sunfish 0.4¢ 0.5¢ 0.72
Yellow Percl 0.4z 0.52 0.67
Flathead Catfis 0.3¢4 0.2¢ 0.5t
Channel Catfis 0.2¢ 0.3( 0.47
Redbreast (Sunfis 0.22 0.3C 0.4¢
Redear (Sunfis| 0.22 0.3( 0.4¢
White Percl 0.21 0.27 0.3¢
White Catfisl 0.21 0.2¢ 0.44
Black Crappi 0.2C 0.27 0.4t
Blue Catfist 0.2C 0.2¢€ 0.3:
Flier (Sunfish 0.2C 0.2¢ 0.3¢
Green Sunfis 0.1¢ 0.2¢ 0.3:
Hickory Shau 0.1¢ 0.22 0.27
Bluegill (Sunfisl) 0.1¢ 0.2% 0.3¢
Striped Bas 0.1¢ 0.2C 0.2¢
Pumpkinsee (Sunfish | 0.1 0.2% 0.31
White Crappi 0.0¢ 0.0¢ 0.1C
American Sha 0.0t 0.0t 0.0¢
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Figure 4-4. The relationship between LargemouttsBasrcury concentrations and the fish

lengths (upper panel) and the Largemouth Bass safmggjuency distributions at different
Largemouth Bass size groups (lower panel).

Applying the Target Level to the ®Percentile Fish concentration

To achieve water quality standards and protectmmddies from impairment, an appropriate
statistic must be selected to meet the target lev@l3 mg/kg. Following the practices of
statewide mercury TMDL development in Minnesota Biedv Jersey, the 80percentile of the
standardized-length predator fish samples wasteelég meet the target level mercury
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concentration. The selection of thé"qfercentile of samples is also consistent with the
assessment guidance by the EPA (i.e. no more B#nof the samples can exceed the standard).

Rather than using a measure of central tendenci, asithe mean or the median, th& 90
percentile of Largemouth Bass samples was seléstebvide greater protection. The™0
percentile is calculated from standardized-lengilgemouth Bass mercury data, which has
avoided the selection of rare incidences from adafyjsamples of large-sized, long-living fish.
Achieving the target level for the §@ercentile of standardized-length Largemouth Bassires
that the smaller predator fish and fish at loweplic levels will meet the target level.

Due to significant inter-annual variations on samgpkites, sampling numbers, weather, and
natural variability in fish populations, multi-yedata are used to provide the assessment of the
baseline year fish mercury conditions. Figure 4évss that although median or average
standardized-length largemouth bass mercury coratents varied considerably within 1990-
2008 period, the 9bpercentile stayed relatively the same in the 198@'d 2000’s. The 80
percentile of the standardized-length LargemoutksBaercury concentrations in 1990-2008,
which is 0.9 mg/kg, is selected to represent tisely@e fish mercury condition.

Standardized LMB Hg Concentration (mg/kg)

15
1.2 -
0.9 o o a90th
T T 75th
0.6 Average
Median
0.3 1 1 —25th
o 1 I I
1980-1989 1990-1999 2000-2008 1990-2008

Figure 4-5. Decadal variations of standardizeddarguth bass mercury concentrations.
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5. MERCURY SOURCE ASSESSMENT AND TRENDS

5.1 Sources of Mercury in North Carolina Fish

As discussed in the preceding sections, mercuaynigtural element but human activities have
increased the amount of mercury that is biologycallailable.

Fish mercury concentration is known to be affedtgdhree major consecutive processes: 1.
mercury deposition/transportation to aquatic systeéznconversion to biologically active
methylmercury (mercury methylation); and 3. bioanalation in aquatic systems (Wiener et al.,
2006; Peterson et al., 2007).

Mercury in fish mostly comes from mercury emittetbithe air, which is deposited into waters
or onto adjacent lands, where it is washed off sudace waters when it rains. For most aquatic
ecosystems, the primary source of mercury is athergpdeposition of inorganic mercury
(about 0.3 to 30 ug fyr™; EPA, 1997). This includes both wet depositiotinil) and dry
deposition and is affected by a series of compexokrs including mercury air emission sources,
local or regional meteorology and atmospheric clsami Under the Clean Water Act,
atmospheric deposition of mercury into surface vgiteregarded as a nonpoint source.

Some mercury is discharged directly into surfactevgafrom industrial and municipal point
sources, although the amounts are usually veryl soapared to air emission sources.

5.2 Trends in Mercury Emissions and Deposition

Mercury Emission Sources and Trend

Three types of mercury air emission sources wefiaetin the Mercury Study Report to

Congress (EPA, 1997):
Natural mercury emissions the mobilization or release of geologically bdunercury
by natural processes, with mass transfer of mertoutlye atmosphere;
Anthropogenic mercury emissiorghe mobilization or release of geologically bdun
mercury by human activities, with mass transfemefcury to the atmosphere; or
Re-emitted mercury the mass transfer of mercury to the atmosphgit@diogic and
geologic processes drawing on a pool of mercurywlaa deposited to the earth's
surface aftemitial mobilization by either anthropogenic or natwaetivities.

The magnitude of the natural emissions versusniesgons is poorly understood because it is
usually not feasible to distinguish between nataraissions and re-emissions. Deposition to the
surface, whether land or sea, is complicated byattethat deposited mercury can be re-emitted
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to the atmosphere as elemental mercury. In additieme are few measurements available and
current estimates are to a large extent extrapbfaden a few data points and constrained by
global mass balance estimates. Studies suggesteddtan emissions were between 770-2300
tonnes / yr, volcano emissions were between 20tddifes/yr, emissions from soil were

between 500-3200 tonnes / yr, emissions from végetavere between 850-2000 tonnes / yr,

and up to 100 tonnes / yr for emissions from f{ireso://www.geiacenter.orgFitzgerald, 1986;
Pacyna, 1986; Nriagu, 1989; Lindberg et al., 1¥8nghaus et al., 1999; Nriagu, 1999).

Pirrone (et al., 2010) reported that on an annasish natural and re-emission sources account
for 5207 tonnes of mercury released to the glotrabaphere. Re-emission estimates, on a global
scale are on the order of 1/3 to 1/2 of the combar@hropogenic and natural emissions.

The quantities of mercury in environmental resaw/@ie. the global pool) in both the
preindustrial and present day cycles are unceftimever, the ratio between present-day and
preindustrial mercury deposition suggested thatdnatctivities, such as coal burning, have
increased the amount of mercury cycling amongdhd,latmosphere, and ocean by a factor of
three to five (Selin, 2009).

For anthropogenic mercury emissions, the Arctic Mwmg and Assessment Programme
(AMAP) analyzed global mercury inventories from 099995, 2000 and 2005 (Pacyna and
Pacyna, 2002; Pacyna et al., 2006) and reporteédh@devel of mercury emissions in the air on
the global scale has been relatively stable fro8012005, although contributions from Europe
and North America were reduced whereas emissioAsimwere increased. They estimated the
global emission inventory for anthropogenic merdmrpe around 1921 tonnes in 2005. A
slightly higher 2005 value (2320 tonnes per yea$ wstimated by Pirrone (et al., 2010). In
2005, AMAP estimated that the Asian countries dbated about 67 percent to the global
mercury emissions to air from anthropogenic soyrod®wed by North America and Europe
(AMAP/UNEP, 2008).

Depending on the form of the mercury emitted, teation of the emission source, and the
weather, atmospheric mercury can be transportedaokenge of distances before it is deposited,
potentially resulting in deposition on local, remgd, continental and/or global scales. EPA has
estimated that about one third of U.S. emissioaslaposited within the contiguous U.S. and the
remainder enters the global cycle. Current estisate that less than half of all mercury
deposition within the U.S. comes from U.S. souredtbough deposition varies by geographic
location.
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Figure 5-1. Mercury air emission sources and wpbdiion data from National Atmospheric
Deposition Program-Mercury Deposition Network.
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In North Carolina, as shown in Figure 5-1, air esioa sources are located across the entire state.
In 2002, approximately 5,300 Ibs of mercury weretesd from permitted stationary sources of

air pollution in North Carolina. Sixty-six perceoitthe emissions were attributed to coal-fired
utility electric generating units (EGUSs) from tiveat primary utility companies: Duke Energy
Carolinas, LLC and Progress Energy Carolinas, LTI& remaining 34% of statewide mercury
emissions is attributed to various non-EGU indastoal-fired boilers, steel mills, incinerators,
and other sources (Table 5-1).

Table 5-1. NC’s mercury emissions from permittadsaurces

Source Type Ib2002 2010 2016* 2002-2916
slyear Ibs/year Ibs/year Reduction
i 3,500 963 700 80%
Other Point 1.800 il 800 6%
Total 5,300 1,844 1,500 72%

*2016 projected emission include EPA’s Electric &ating Units Maximum Achievable
Control Technology (MACT) Rules and planned shutdsifuel conversions

State Requirements for Emissions Reductions

In June 2002, the N.C. General Assembly enactesi®@ekaw 2002-4 (the “Clean Smokestacks
Act”), which requires significant actual emissiaesluctions from coal-fired power plants in
North Carolina. Under the act, nitrogen oxides (N@missions must be reduced (from 1998
levels) by 77% by 2009 and sulfur dioxide (SO2)sswins by 73% by 2013. A significant co-
benefit resulting from the controls being put ing# to reduce NOx and SO2 is a reduction in
mercury emissionitp://daqg.state.nc.us/news/legg/

An important feature of the Clean Smokestacks éthat North Carolina's two largest utility
companies, Duke Energy and Progress Energy, mhg\acthese emissions cuts through actual
reductions at their 14 power plants in the statet-by buying or trading emissions credits from
utilities in other states, as allowed under fedszgllations. The utilities also cannot sell credit
for the emission reductions, ensuring that utsiiie neighboring states don't negate the gains
achieved in North Carolina by purchasing the rightscrease or to avoid controlling their own
emissions.
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North Carolina also has two state mercury rulesdlaerve to be highlighted. They are 15A
NCAC 02D .2509, Periodic Review and Reallocati@ms] 15A NCAC 02D.2511, Mercury
Emission Limits. Under 02D .2509, NC Division oir Quality shall report to the
Environmental Management Commission (EMC) informain the regulation of mercury
emissions in 2008 and 2012. Based upon the upgp2tih2 report, the EMC will review the
state of mercury technology and decide if any ahl@nges are needed.

Mercury emissions from NC’s stationary point sogrcentinue to decline as shown in the table
below. Among the fourteen (electric generatingigoplants in NC, seven of them are being
converted to natural gas or being retired, andtemwtdil controls are expected. By the year 2016,
mercury air emissions from stationary point souindsorth Carolina are expected to be reduced
by 72% (Table 5-1).

Monitored Trends in Mercury Deposition in North Glana

Measurement of long-term deposition from ice camd lake sediments suggest that in the
Northern Hemisphere deposition has increased fr@yinglustrial levels by a factor of 3 to >10
(Bindler et al. 2001, Schuster et al. 2002). Repeatk deposition probably occurred sometime
in the 1970’s to 1980’s. However emissions fromaAsiay lead to higher global emission levels
in the future.

Wet deposition of mercury is monitored regularlsié¢s across the U.S. by the National
Atmospheric Deposition Program-Mercury DepositicgtwWork (MDN). As discussed in Section
2.2, three sites are located within North CaroliM&08, NC42, and NC26 (presently inactive)
(Figure 5-1). In addition, one station is locatethim Tennessee but close to its border with
North Carolina: TN11. A close examination to the NiData at these sites reveals that mercury
wet deposition appears to be highest at westerfTZ 1, mountain area) and lowest in central
NC (NC26, piedmont area). These differences areatlieast partly to differences in rainfall.
However, the inter-annual variations of wet deposdl fluxes of mercury are pretty high,
undermining the spatial pattern discerned fromdidua set (data are available at NC08 and
NC42 after 1996; at NC26 during 2006-2007; at Tidftér 2002) (Figure 5-1).

Assuming wet deposition of mercury over the erfiitate of North Carolina could be
represented by the average condition of the egistiree MDN monitoring stations (NC08,
NC42 and TN11)the total wet deposition within North Carolina westimated to be around
1533 kg (3373 Ibs) during the baseline year of 2@0ightly less than the long-term (2002-2008)
average of the annual wet deposition in North Caal(1639 kg or, 3606 Ibs) and that during
the year of 2005 (1631 kg or, 3588 Ib3)he inter-annual difference in wet depositiopastly

due to the differences in precipitation. The baseliear of 2002 is a relatively dry year
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according to its negative average annual 12-Motathdardized precipitation index (<-1.5)
(http://www.nc-climate.ncsu.edu/

Although the wet deposition of mercury has beerelyidtudied and monitored, limited
information is available on the contribution of afgposition of mercury to total atmospheric
mercury depositiorit has been reported that the the ratio of dry &t @eposition could range
between 0.5 and 1@nd vary with season, the form of mercury in leraurces, the methods
used for dry deposition approximations, and theggdaof concern (Miller et al., 2005; Sakarteal
Marumoto, 2005; Lyman et al., 2007).

CMAQ Model-simulated Mercury Deposition in North iGina

The EPA’s CMAQ modeling systemtfp://www.cmag-model.odgwvas used to calculate
mercury depositional fluxes in North Carolina. Adbidescription of the CMAQ model can be
found at Section 2.2. The model was a special @ersi CMAQ version 4.71 that included
mercury chemistry. The model and associated inpate used for modeling impacts of the EPA
MACT (maximum achievable control technology) rube EGUs. The version uses gridded area
emissions and stack emissions from various souEfeA&.ran a national 36 km CMAQ run with
GEOS-CHEM boundary conditions and a nested 12 kndQMun with boundary conditions
from the 36 km run. For this TMDL study, DAQ condtledt all model runs at 12 km model
domain using the EPA provided 2005 emissions, baiyndonditions from the 36 km EPA run,
and MCIP meteorological files obtained from EPAgW¥e 5-2 shows the 36 km and 12 km
model domains. Due to the special model setughisntMDL, mercury sources coming from
outside the 12 km model domain are referredlalal sourcessources within the 12 km model
domain but outside North Carolinar@sgjional sourcesand sources within North Carolinains
state mercury sources

Figure 5-2. CMAQ 36 km and 12 km model domains.
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Using the CMAQ modekthe model-simulated total atmospheric mercury ditjoosfor 2005 is
5,239 kalyr, with 1588 kg/yr from wet deposition @651 kg/yr from dry depositiofihe
model-simulated total mercury deposition is uniftyrtistributed except at several model grids
where local air sources (e.g. power plants) eXise locally elevated air depositional fluxes are
likely due to under-predicted horizontal disperdiloes in the model in vicinity of local
sources. According to Sackett et al. (2010), fisbue mercury concentrations were found to be
lower close to power plants than those farther afn@ay power plants in North Carolina. No
linkage between higher air depositional fluxes keally elevated fish mercury concentrations
were found.

The CMAQ-model-simulated wet deposition appearsgiee with the estimated wet deposition
(1631 kg during 2005) from MDN monitoring data.dddition, the model-simulated ratio of dry
to wet deposition appears to fall within the litera-reported range (as discussed under
“Monitored Trends in Mercury Deposition in North i©@Bna” under Section 5.2). Sensitivity
model runs were also conducted to assess glolgabna and in-state contributions to the total
mercury depositional flux within North Carolina. blel results show thapproximately 16% of
the total depositions could be attributed to intstair emissionsThe global contributions were
estimated by zeroing out the boundary conditidest{ere the global is not literally “global”,
rather it refers to the contributions from outsadéhe 12 km model domain). The model
suggested thatpproximately 70% of the deposited mercury is cgrfriom global sourced’he
remaining 14% was estimated coming from regionaltses(i.e. from other states of the U.S.
that are within the 12 km model domain).

Figure 5-3 CMAQ simulated total mercury depositior2005 with all emission sources (left)
and with emission sources outside NC (right).

While sensitivity tests were conducted to assensriboitions from emission sources of different
geographical locations, contributions from natarad anthropogenic sources cannot be readily
differentiated with the current CMAQ settings. &cf, as discussed in the previous sections, the
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magnitude of the natural emissions and re-emissgopsorly known, most likely because it is
usually not feasible to distinguish between natamaissions and re-emissions. For the purpose
of this TMDL, due to lack of natural sources susthvalcanoes and relatively very low amount
of biomass burning within North Carolin@atural emissions (including biogenic and forest fi
emissions) are estimated to be approximately 6¥%eofotal air emissions of mercury in North
Carolina. Correspondingly, it is assumed that natwgources in North Carolina contribute 6%
of the air deposition of mercury caused by NC aiigsion sources

5.3 Mercury Methylation and Bioaccumulation

Studies have shown that fish mercury concentrasiomot only affected by the availability of
total mercury in the water column, but also merausthylation and bioaccumulation in aguatic
systems (Wiener et al., 2006; Peterson et al., 200&rcury is normally deposited onto water
surfaces and land in the form of inorganic meramg turned into organic methylmercury by
biota through the methylation process the methyorgrthen biomagnifies up the food chain,
where it reaches high concentrations in some ohitjeer-trophic and longer-lived fish.

A USGS study suggested that mercury concentratiohargemouth Bass from basins with no
mining operations increase as the percentageseofi@en forest and woody wetlands increase,
especially where the sampling site is closer tsgHends of land cover. Mercury methylation

and bioaccumulation appear more likely to occuhese types of settings (Scudder, et al., 2009).

Table 5-2 shows the percentage of forest and wethatiin the river basins in North Carolina,
where Largemouth Bass data are available. The ipage of wetlands varies greatly in these
river basins, from 0.1% to 28%. The three rivent@svith highest Largemouth Bass mercury
concentrations (Lumber, Pasquotank, and Cape Bk&dve extensive wetlands along their
river banks. This suggests that biogeochemicalifeatof the surface water system have a
greater influence on the spatial pattern of fislauegy concentration than localized mercury
emissions sources.
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Table 5-2. Land cover and Largemouth Bass Hg cdratgons in NC river basins (highest three

are bolded).
Basir Fores | Wetlanc | Yeal Sourct LMB Hg Conc. (mg/kg)
Average 9C™ percentilt

Broac 61.0% 2.0% | 2001 NLCD 0.22 0.€0
63.3% 1997 NRI

Cape Feal 38.2% | 14.9% | 2001 NLCD 0.5¢ 1.2C
56.3% 1997 NRI

Catawbi 55.0% | 0.5% | 2001 NLCD 0.1 0.22
43.9% 1997 NRI

Chowar 46.3% | 5.5% | 2001 NLCD 0.4¢9 0.65
54.9% 1997 NRI

French Broa | 75.7% | 0.1% | 2001 NLCD 0.28 0.3¢
46.9% 1997 NRI

Lumber 25.7% | 26.1% | 2001 NLCD 1.03 1.90
60% 1997 NRI

Neus: 32% | 16.8% | 2001 NLCD 0.44 0.8¢
44.9% 199 NRI

Pasquotank | 13.8%| 23.5% | 2001 NLCD 0.64 1.40
23.9% 1997 NRI

Roanoki 48.9% | 8.7% | 2001 NLCD 0.48 0.87
62.1% 1997 NRI

Tar-Pamlicc 28.5%|  15.0% | 2001 NLCD 040 0.7C
38.2% 1997 NRI

White Oal 23.0%|  28.2% | 2001 NLCD 0.37 0.7z
30.5% 1997 NRI

Yadkin 52.7%|  1.3% | 2001 NLCD 0.3/ 0.7¢
50.0% 1997 NRI

NLCD: National Land Cover Database fraviulti-Resolution Land Characteristics Consortium
NRI: National Resources Inventory from Natural Regse Conservation Service

*Largemouth Bass (LMB) Hg concentrations were citad from the 1990-2008 DWQ fish
mercury database.

Based on data from Eastern Regional Mercury StDWQ@, 2003) and Mercury Study
Extension (DWQ, 2007), the average methylmercunceatrations were highest in the
Waccamaw and Cashie Rivers (average MeHg = 1.64migth systems), followed by Black
River (0.54 ng/l) and Lumber River (0.46 ng/l). Dioethe lack of spatial representation within
river basins, the ERMS and MSE study results agegnted here as averages at each sampling
station or combined close-by sampling stations dhatocated within the same stream (or lake).

The high-MeHg systems are all characterized aslgarelatively high mercury methylation
rates (Figure 5-4). In these systems, MeHg conagairs were usually below 1.0 ng/l, but
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spikes of high MeHg concentrations sometimes o&uggesting event-driven mercury
methylation mechanisms may take place in such sgste

18.0 0.20
B Avg Hg(T
16.0 vg H(T) - 0.18

= Avg MeHg - 0.16

12.0 1— MeHg / Hg(T) T _ 014
- 0.12
- 0.10
- 0.08
- 0.06
- 0.04
- 0.02

- 0.00

Methylation Rate

Hg Concentration (ng/l)

Figure 5-4. Average mercury concentrations and yetilon ratio at NC surface waters.

Error bars indicate the standard deviation. Dagafram Eastern Regional Mercury Study

(ERMS, 2002-2003) and Mercury Study Extension (M3E)5-2006) *Data from ERMS only;
AData from MSE only.

Table 5-3. Correlation coefficients between obsépa&rameters from the ERMS and MSE.

Hg(T) | MeHg | DOC | Sulfate| MeHg/Hg(T) | HO(T)sec | MeHgsec | TOCse
Hg(T) 1.00] 0.61] 0.46] 0.03 0.11] 0.34] 020/ 0.10
MeHg 1.00] 0.69| -0.14 0.58 -0.20 -0.03| -0.14
DOC 1.00 -0.15 0.40 0.04 0.09 0.17
Sulfate 1.0( -0.13 0.21 0.16 0.34
MeHg/Hg(T) 1.000 -0.37| -0.05| -0.17
HY(Msec 1.00 0.46] 0.45
MeHgse 1.00 0.77
TOCse( 1.00

Note: the red underlined numbers indicate staéiiyisignificant correlations at 0.01 level; the
bold numbers suggest statistically significant etations at 0.05 level; T = total; sed = sediment;
TOC-=total organic carbon
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Correlation analyses to the ERMS and MSE data €r'at8) suggest that the monomethyl
mercury concentrations in NC surface waters arsetyorelated with total mercury (dominated
by inorganic mercury) (correlation coefficient (£.61), dissolved organic carbon (DOC)
concentrations (c=0.69) and the ratio between nhamgury and total mercury (as an indicator
of mercury methylation rate) (c=0.58).

If we assume all the external sources of mercuggtaatic systems are in the form of inorganic
mercury, and methylmercury are the products of giation after mercury reaches aquatic
environments, then the amount of methylmercurjh@éwater column can be expressed as:

MeHg =r * Hg(T)

where Hg(T) is the total mercury concentration imader column; r is the mercury methylation
rate, whichranged between 0.03 (averaged for Roanoke Rivéwgt11) to 0.18 (averaged for
Cashie River School Rd near Windsor). Much varratbbthe mercury methylation rate was
observed spatially as well as temporally. Averageaury methylation rates were highest in
Cashie River, followed by Black River, Lumber Riard Waccamaw River.

Mercury methylation is reported to be influencedabyariety of environmental factors such as
organic carbon availability, pH, sulfur cyclingpbagical productivity, and temperaturd/iener

et al. 2006. Conventional approaches to mercury methylationaresein riverine systems have
focused on processes below the sediment-watefantsrwhere hypoxic or anoxic conditions
are most favorable for the conversion of inorgatgcto methylmercury by anaerobic bacteria;
however, no significant correlations were foundassn water column MeHg and Hg (for both
total Hg and MeHg) concentrations in the sedimsmgigesting more active processes involving
MeHg within the water column.

Statistically significant correlations were founellween mercury methylation rate and available
DOC (but not sulfate) in the water column. Unfodtely, pH values were not measured during
ERMS and MSE. The relationship between methylatine and DOC gives (R0.15):

r= * DOC +
MeHg = ( ~ DOC + ) Hg(T)

where =0.0033 l/mg; = 0.0545;MeHg and Hg(T) are in ng/l and DOC is in mg/l. #®own

in Figure 5-5, the spatial pattern of mercury mégttign between aquatic systems could be
explained, at least partly, by the differences @@®concentration. For example, with a
relatively higher averaged DOC concentration, meroaethylation rate appears to be higher in
the Cashie River than in the Black River. DOC ikdwed to enhance the mobility of Hg in a
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system. In addition, a higher DOC concentratiorallgundicates a higher productivity in a
system. In such a system, photolysis of methylmgrisuusually inhibited by a lack of available
light at the presence of relatively higher amourgrganic matter. Therefore MeHg
concentrations tend to be higher in such a system.

Variations of DOC concentrations could also afteatporal variations of mercury methylation
within certain systems (e.g. Waccamaw River). Havein other systems such as the Lumber
River, Black River and Abbotts Creek, the obse®M&C values appear to be relatively stable.
The differences in mercury methylation may not kel&ned by differences in DOC
concentrations. In such systems, the variatiomsetury methylation may be influenced by
other factors such as pH.

6.0
¢ All
5.0 ® B Black River
¢ Lumber River
% 4.0 ® ® Waccamaw River
= (@] X Abbotts Creek
o 3.0 u / @ Cashie River
(] .
= -0 s Linear (All)
’ﬁ/ y = 0.1003x
R2=0.3716
1.0 9
*
0.0 A . .
0.0 10.0 20.0 30.0 40.0
Hg(T) (ng/l)
0.5
¢ All
* @ .
0.4 B Black River
= ' m N ¢ Lumber River
= ® \Waccamaw River
> 0.3 O
T ® X Abbotts Creek
o © Cashie River
T ,
[) —Linear (All)
=
y = 0.0033x + 0.0545
R2=0.1528

60.0

20.0 40.0
DOC (mg/l)

44



North Carolina Mercury TMDL

September 13, 2012

Figure 5-5. Linear regression between MeHg and Hgéhcentrations (upper panel), and
between methylation rate and DOC (lower panel).

Although Largemouth Bass mercury concentration®eweeasured at stations across the State,
the location of the monitoring stations and theatsnof the surveys were not consistent with
either ERMS or MSE. The data are not readily at#l@o directly assess the bioaccumulation
rate of mercury in each system. By contrast, alaggimation on the magnitude of the
bioaccumulation rate was calculated by separatadyaging the Largemouth Bass mercury
concentration and the water column total mercunceatration at stations (or close-by stations)
where both types of data are available, and themgukat ratio as the bioaccumulation factor
(BAF). The calculated BAF values ranged between 6.@x10G I/kg (Figure 5-6). Some of

these estimates were slightly higher than the Balerof 0.817x10l/kg, which was used in
calculating NC surface water quality standard éaltmercury.

Since a lot of temporal and spatial variations wdyserved for both the Largemouth Bass and
water column Hg concentrations, and data were @ftance to represent such variations, only
the magnitude of the estimated bioaccumulatiorofadi® I/kg, is recommended here as a
reference value for mercury bioaccumulation in R&arolina waters.
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Figure 5-6. The calculated bioaccumulation factdrdifferent streams/lakes in North Carolina.

Data are from Eastern Regional Mercury Study (ERRI®2-2003) and Mercury Study
Extension (MSE, 2005-2006) *Data from ERMS onlypata from MSE only.
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5.4 Point Sources to Surface Waters

There are currently 1258 NPDES permitted wastewhsehargers that discharge into North
Carolina’s surface waters. Four facilities discleatigrectly into the Atlantic Ocean and therefore
have been excluded from this analysis. Approxinyat8P6 of the NPDES permitted wastewater
dischargers are industrial process and commeaditfes; those sources contribute 20% of the
permitted flow in North Carolina. About 23% of tsschargers are municipal wastewater
treatment plants; those discharges contribute aéufo of the permitted flow statewide. The
remainder of the dischargers include small domesdistewater dischargers, water plants and
groundwater remediation dischargers. There areagdpooximately 1700 minor dischargers
under general permits; the maximum flow from eatctihese permitted sites is generally below
1000 gallons per day. Excluding the facilities dihkg discharging into Atlantic Ocean, and
including dischargers covered under general peythiestotal permitted flow (i.e. maximum
allowed) from all the existing facilities was eséitad to be around 1913 million gallons per day
(MGD).

Monitored Effluent Mercury Concentrations

Effluent mercury monitoring is required at fac#isi where discharge of mercury is a concern to
the receiving streams. However, effluent mercunycemtrations often could not be measured
accurately until recent years. The EPA Method 24&hich was normally used in effluent
mercury monitoring, has a quantitation limit of @/l (200 ng/l), a value often much higher
than the mercury NPDES permit limit for certainiliies. Beginning September, 2003, DWQ
required approximately 150 facilities to use EPAthel 1631E for all effluent samples. The
newer EPA Method 1631E has a quantitation levalppiroximately 0.5 ng/l, thus allowing
compliance with the water quality standards andngdimits more feasible. The guidance on
requiring analysis of mercury samples by EPA Meth6d1E is explained at
http://portal.ncdenr.org/web/wa/swp/ps/npdes/quagan

DWQ obtained effluent mercury concentration datefiDischarge Monitoring Reports (DMR)
submitted by facilities where mercury monitoringesjuired. In order to have a more accurate
assessment of the monitored mercury loading frotem@oint sources, DWQ analyzed data
from 2006 to 2009 because, by then, the use of HBthod 1631E had been initiated at many
facilities. For most of the facilities (>75%), aage effluent mercury concentrations were below
12 ngl/l, the current water quality standard forface freshwaters in NC. The median of the
effluent mercury concentrations among the monitdaedities is 5.2 ng/l (effluent
concentrations reported below the quantitationtlmhthe EPA Method 245.1 (200 ng/l) are not
included here). By contrast, the mean of the effflursercury concentrations from the monitored
facilities is calculated to be 42.5 ng/l, likelyedto some very high concentrations reported by
several facilities.
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Monitored Mercury Point Source Load

To calculate the monitored mercury point sourcel liwa a facility, the monitored effluent
mercury concentration was multiplied by the reptftew to give an instantaneous mercury
load. An annually averaged load for the facilitysxcdbtained as the average of all the
instantaneous loads that were available duringyéae of concern. The total monitored mercury
point source load in NC was then calculated by sumgrall the annually averaged loads of the
facilities where such data are available. While safithe power plants discharged a significant
amount of flow into NC surface waters, they repddata as “less than the Practical
Quantitation Limit (PQL)” of 200 ng/l using the ERAethod 245.1. The use of this analytical
method and its higher quantitation level introduoedertainty to this analysis. Using the median
value (5.2 ng/l) of the effluent mercury concentnas to represent these “less than” values, the
total monitored mercury point source load dischdrigéo NC surface waters (the columns in
Figure 5-7) is then averaged (2006-2009) to beratdiB.3 kg (29.3 Ib) per year. Among the
facilities monitored for mercury, industrial proseend commercial facilities appear to contribute
the most.

In order to account for the uncertainty caused $iggithe median effluent mercury
concentration to represent these “less than” vathesrange of the actual monitored mercury
point source load was estimated by both “zeroing) @ud using the quantitation limit (200 ng/l)
as the lower and upper boundaries of “less thastilte. The resulting monitored mercury load
estimation ranged from 7.4 kg/yr (16.3 Ib/yr, zetd non-detected mercury load) to 71.5 kg/yr
(157.6 Ib/yr, using quantitation limit to account the “less than” values).

Estimated Total Mercury Point Source Load

Most of the small domestic and minor municipal easiter dischargers are not required to
monitor mercury, since their contributions to tatarcury loading are expected to be
insignificant. The “Estimated Median Load” for merg point sources was calculated by
multiplying the median effluent mercury concenwatbf 5.2 ng/l (from monitored facilities) by
the total permitted flow from all the NPDES fagdés, resulting in a total load of about 13.7
kg/yr (30.1 Ibs/yr). This number is likely undeipresentative on the point source loadings. On
the other hand, if the mean effluent mercury cotregion (from all monitored facilities) of 42.5
ng/l was chosen to represent a typical effluenteatration for all facilities, and multiply it with
the total permitted flow, the “Estimated Mean Lo&of mercury point sources is about 112.4
kg/yr (247.3 Ibs/yr). This could serve as the ugmarnd of the estimated total point sources.
Based on the calculation described above, the nmtatury point sources in North Carolina
likely range between 13.7 to 112.4 kglyr.
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Figure 5-7. Monitored and estimated mercury pointrse loads.

The columns represent 2006-2009 monitored meraagihgs (median effluent concentration of
5.2 ng/l was used for “less than the PQL” valu&gk error bars indicate the uncertainty ranges
of the monitored loading due to the choices of reggtbconcentrations below the PQL (lower
error bars: “less than” values were excluded; ugpear bars: the quantitation limit of 200 ng/I
was used for “less than” values). Estimated Mediaan Load is the estimated total mercury
point source load as the product of the median/ne#frent concentration and the total
permitted flow for all NPDES facilities.

Stormwater Mercury Load

When stormwater is addressed in a TMDL, it is gaiyemcluded with the point source load
and subsequently included in the wasteload allooatiowever, most mercury in stormwater
comes from atmospheric deposition and the exadtibation of stormwater to mercury loading
is unknown. Currently, stormwater is monitored i@ Bt several facilities twice per year. The
limited existing data indicates that mercury corgions in stormwater varied from 0 to 10 ng/I,
falling within the range of mercury concentratiolmally observed in rainwater. In this

TMDL, regulated stormwater is included in the WLafd unregulated stormwater is included in
the LA. Because the majority of mercury in stormavairiginates from atmospheric deposition,
reductions of mercury loading in stormwater wikdiy be addressed through reductions in
atmospheric deposition. No reductions are requn@d NPDES stormwater permittees at this
time.
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6. TMDL DEVELOPMENT

6.1 Baseline Mercury Load for 2002

The total baseline mercury source load for 200 {Tigcludes both nonpoint (NPL) and point
source loads (PSL) that occurred during the basekar of 2002.

TSL = NPL + PSL (6-1)

As discussed in Section thie single largest nonpoint source of mercury enthS. surface
waters is atmospheric emissions and subsequensitiepoUsing CMAQ, the total air
deposition of mercury within NC was estimated tb239 kg for 2005 Approximately 16% of
the total depositions could be attributed to inestamissions IPL=828 kg). Air deposition that
is due to global contributions {@°L) was estimated to be around 3661 kg; air depositmm
regional contributions (RPL) was estimated to be around 750 kg.

It was assumed that the global emissions stayatively stable between 2002 and 2005. The in-
state and regional contributions were adjusteattoant for differences between 2002 and 2005
emissions. The ratio between the actual 2002 Noattolina emissions (Table 5-1) and the
modeled 2005 emissions for North Carolina (4,708npis) was used to adjust the modeled
deposition for the regional and in-state contribs$i. The total NPL for the baseline year of 2002
is estimated using the following equation:

NPL = GNPL + (RNPL+ INPL)* (In-State Emissigya/In-State emissiofos)
= 3,661 + (750 +828) B(W/4708)
3,661 + 844 + 932
5,437 (kglyr) (6-2)

Therefore global sources contributed approxima@@Bp of the total nonpoint source load,
regional sources contributed approximately 16%heftotal NPL, and in-state sources
contributed around 17% of the total NPL during laseline year of 2002. The in-state
atmospheric deposition from natural sources wasattd to be 6% of the in-state deposition.
Therefore, the in-state natural contribution ikg§6year.

As discussed in Section 5.4, the NPDES-regulatid point source load (including
unmonitored facilities) directly into surface watevas estimated to range between 13.7
(estimated median load) and 112.4 kg/yr (estimatedn load) and the currently monitored
mercury point source load was estimated to rangedes 7.4 and 71.5 kg/yr. An exact
estimation of the total point source load is natently available due to a number of reasons,
including the analytical method used in monitoramgl some reporting errors. A bounding
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condition is that the total point source load sddug greater than the monitored load (to count
for effluent loadings from facilities that are mobnitored for mercury). In this TMDL study, the
estimated mean load is used as a conservativeatgtimof the total mercury point source load

(PSL), which is 112.4 kg/yr. This number is likelyer-predictive.

PSL = 112 kglyr (6-3)
Therefore the total mercury load for the baseliearyf 2002 (TSL) is estimated as:

TSL = NPL + PSL = 5,437 kglyr + 112 kg/yr = 5549'% (6-4)
Based on these values, the total mercury baseadefbr 2002 is 5549 kg/yr. The existing point
source loads represent approximately 2% and egistimpoint source loads represent 98% of

the 2002 TSL. Figure 6-1 shows the relative contrdns of different sources to the total 2002
baseline mercury load.

Global Air
66%

Figure 6-1. Relative contributions of 2002 totaséiane mercury load.

6.2 Reduction Factor

The reduction factor (RF) is the percent reductieaded to achieve the target fish mercury
concentration (Hgge) for the existing fish mercury concentration ¢kl As discussed in
Section 4.3, the Hgqetis equal to 0.3 mg/kg, and the dsgfor this study is 0.9 mg/kg, which
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represents the 90th percentile concentration basesiandardized length for largemouth bass.
RF is calculated using the following equation:

(6-5)

Therefore, a 67% of reduction in fish tissue meyaancentration is needed for this TMDL.

Proportionality of Mercury Reductions

At this time, neither the mechanisms linking enaasiand mercury bioaccumulation nor the
effect of a given emissions reduction on fish essancentrations are well understood. Study
results and empirical evidence suggest that reahgin fish tissue mercury are likely to result
from reductions in mercury inputs. Therefore iteasonable to rely on certain assumptions
regarding the relationships between mercury emissideposition, and fish tissue concentrations.

In environmental systems, steady state means dinaeatrations may vary from season to
season or year to year, but that long term averagesonstant. Several dynamic, ecosystem
scale models such as the Mercury Cycling Modell&h-2M assume that, at steady state (i.e.,
over long time periods), reductions in fish mercoopcentrations will be proportional to
reductions in mercury inputs. When atmospheric ditjom is the main source of mercury to a
given waterbody, these models predict a linearaesp between changes in deposition, ambient
concentrations in water and sediments, and fistcungievels.

The TMDL is based on the following assumptions:dearease in mercury emissions will result
in a proportional decrease in mercury depositio® @ecrease in mercury deposition will result
in a proportional decrease in mercury loading tteweodies; and 3. ultimately, a decrease in
mercury loading in waterbodies will result in a jpoctional decrease in mercury concentrations
in fish. This follows the analyses presented byER& Mercury MapsVodel, which is based on
steady state formulations of the Mercury Cyclingddband IEM-2M Model (EPA, 2001).

An approach is outlined below for deriving a sirfipl relationship between percent reductions
in air deposition load and fish tissue concentretiat steady state that draws on this same

assumption of long-term proportionality.

As stated in Section 5.3, the mercury concentratinriish (Hgsn), resulting from the mercury
bioaccumulation process, can be expressed usirfgltbeing equation:

Hgﬁsh = BAF' ngater (6‘6)
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Where HgateriS the total mercury concentration in the surfaegers, and BAF is the
bioaccumulation factor, which is a constant valodar steady-state conditions. Assuming linear
relationship between mercury air deposition loadlng) and Hgaer We have

Howater =1~ Lair (6-7)

Again, r is constant under long-term steady-statelitions. Combining Eq. 6-6 and 6-7, the
total mercury air loading can be expressed as:

E— (6-8)
Since both r and BAF are constants, then we coaNe:h
! —= (6-9)
Therefore,
"#$968." (6-10)
s (6-11)

Thus, under long-term steady-state condition amehli relationship assumption between
mercury air emission sources and mercury in fish,same reduction factor of 67% is required
in mercury air emissions and atmospheric deposition

6.3 TMDL Goal

Methods similar to those used in the Northeast &®ediTMDL (2007) and Minnesota Statewide
Mercury Total Maximum Daily Load (2007) are empldyeelow to calculate the total maximum
daily load. The total baseline mercury source IGE8L), described in Section 6.1, and reduction
factor (RF), as described in Section 6.2, are tselkfine the TMDL by applying the reduction
factor to the total source load. The total souoaelland reduction factor are then combined to
give the total maximum daily load in units of mass time.

TMDL = TSL” (1-RF) = 5549 kglyr (1-67%) = 1831 kg/yr (6-12)
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Therefore, the total allowable load from air defiosiand the facilities discharging into NC
waters is 1831 kg/yr, which is equivalent to 5 leyydTMDL must include a daily load, in
addition to the annual load. However, annual lcagsmore appropriate than daily loads for
mercury because the concern in this TMDL studyéslong term accumulation of mercury
rather than the short term acute toxicity events.

Ultimately, the TMDL is presented in the basic egqaform
TMDL = WLA + LA + MOS (6-13)

where WLA is Wasteload Allocation (wastewater &mpéted stormwater sources), LA is Load
Allocation (nonpoint sources), and MOS is MargirSaffety. Each of these TMDL components
is discussed below.

6.4 Margin of Safety (MOS)

The Federal Clean Water Act requires that a MOfitdleded in a TMDL to account for
uncertainty that may be present in the calculatiémsMOS can either be explicit (e.g.,
additional percentage load reduction), implicithe calculations, or a combination of the two.
For this mercury TMDL, the MOS is implicit becausfehe following conservative assumptions
used to develop this TMDL:

The 90th percentile fish mercury concentration Hasea standardized-length
largemouth bass was used. Largemouth bass aregqréidh and tend to have relatively
higher concentrations of mercury among fish spemd@smonly caught in North Carolina
waters. The vast majority of fish have concentregitbwer than this. According to
Equation 6-5 and 6-12, the higher the fish-tisseecury concentration, the higher the
RF and the lower the TMDL. As many people eat almoation of fish, including many
at lower trophic levels than Largemouth Bass, dshe90" percentile Largemouth Bass
incorporates a margin of safety into the analysis.

The EPA fish tissue mercury criterion of 0.3 mg Metkg fish is used as the target level
for this TMDL development. The North Carolina Ocatipnal and Environmental
Epidemiology Branch within NC DHHS determined tliti@n level for issuing fish
advisories in North Carolina is 0.4 mg methylmeytky fish. The ultimate goal of this
TMDL is to have safe-level mercury concentratiaméish caught in North Carolina
waters so that the fish consumption advisory indd€ be removed. Although 0.4 mg
MeHg / kg fish is used as the action level for isgudish consumption advisories in
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North Carolina, the 0.3 mg/kg criterion recommentgdEPA and FDA is used here as a
margin of safety.

The transformation of mercury to methylmercuryependent on sulfur, so it is believed
that reductions in sulfur deposition will lead emluced methylation of mercury. As
ongoing federal and state programs are reducirfgrsarinissions and deposition,
methylation of mercury should also decrease. ASTtI®L does not account for this
potential reduction in mercury bioaccumulation,goeed mercury reductions based on
the TMDL may be overestimated and therefore prowigiextra level of protection.

The EPA fish tissue criterion used as TMDL targetsbased on concentrations of
methylmercury, but the state is actually measutatg mercury in fish instead of
methylmercury. It is assumed that approximatelp®fent of total mercury in fish is
methylmercury, so if NC is meeting a concentratd.3 mg total mercury /kg fish, the
concentration of methylmercury is actually about percent lower than this value,
allowing for another level of protection.

6.5 Wasteload Allocation

According to Equation 6-13, the calculated perrbigsioad (TMDL) of mercury that will not
cause the applicable water quality standards &xbeeded is the sum of the wasteload
allocation (point sources), load allocation (nompaiources), and MOS. As explained in Section
6.4, an implicit MOS is used for this study whiclferrs an explicit MOS of zero. Therefore the
TMDL is equal to the sum of the WLA and LA. As dissed in Section 5, point sources
primarily consist of discharges from NPDES wastewaieatment facilities and the only
significant nonpoint source is atmospheric depasitConsequently, the total load is
apportioned between wastewater and atmospheris.load

The WLA includes the contributions from regulatéors\water sources. Mercury loading in
stormwater primarily comes from atmospheric sourbasalso includes small contributions
from local sources within the watershed and natswalces. The vast majority of mercury in
stormwater originates from air sources and wilcbatrolled accordingly. Although regulated
stormwater is considered to be part of the WLAuakteductions in mercury loading in
stormwater will have to be addressed through ctntme atmospheric deposition sources that are
necessary to meet the load allocation. These demiauld be established through appropriate
state or federal air laws and regulations. Thiestaticipates that once atmospheric deposition
reductions are met, the only remaining regulatethsivater contributions would be solely
attributed to natural sources and run-off from lzea non-atmospheric sources. This residual
stormwater contribution is considered to be argmi§icant part of the WLA.

54



North Carolina Mercury TMDL

September 13, 2012

North Carolina is already engaged in controllingrstwater pollution using best management
practices (BMPs) in accordance with Clean Water§4€2(p) and 40 CFR Part 122.44(k), and
any residual mercury in stormwater that origindtes non-atmospheric sources can be
addressed by these programs. The six minimum dangasures associated with permits for
municipal separate storm sewer systems (MS4s)
(http://cfpub.epa.gov/npdes/stormwater/munic)oivill contribute toward reducing mercury
loading by reducing stormwater volume and sedin@ading. Stormwater pollution prevention
plans and associated BMP requirements for regulatikdtrial facilities where mercury may be
a concern should also address residual mercury fimmatmospheric sources. For example,
power plants with NPDES stormwater permits will cné@ employ efforts to prevent coal fly ash
from contaminating stormwater discharges.

As discussed in Section 6.1, the existing point@®ipad for the entire state is approximately 2%
of the TSL for mercury, which is small (as compat@the nonpoint source load). According to
EPA’s Draft Guidance for Implementing the January 2001tienercury Water Quality

Criterion (EPA, 2006a), point source discharges are congicessnall contribution if the

loading or cumulative loading of all point sour¢eghe receiving water are expected to account
for a small or negligible portion of the total merg loadings (EPA, 2006a). Therefore, all
significant decreases in mercury loading to théoregill come from reductions in atmospheric
deposition (i.e., load allocation).

To maintain the low contribution from point soutoad, the WLA is set at 2% of the TMDL,
which is equivalent to 37 kg/yr or 0.1 kg/day. Whihis percentage is based on the estimated
relative contribution of wastewater point sourcdbs, TMDL assumes regulated stormwater
discharges can be contained within this 2% oncesons reductions are met.

Due to the low percentage contribution from poourse dischargers, the WLA is statewide and
is not specified to individual sources, therebyming a cap for the state. Instead of allocating
the WLA among sources with individual limits, merngueduction will be accomplished through
mercury minimization plans (MMPs) as needed andlangefforts that reduce point source
particulate loading (e.g., phosphorus controlschémical oxygen demands (BOD) / total
suspended solids (TSS) reductions, etc). Mercunymization plans help ensure that discharges
have no reasonable potential to cause or contribuda exceedance of water quality standards.
EPA believes that a requirement to develop a MMK pravide dischargers with sufficient
information to voluntarily and economically reducercury discharges (EPA 2006a).
Evaluation of progress will determine if MMPs ardtigional monitoring at point sources
should be prescribed for dischargers that do meadly have those programs in place. New or
expanded point source discharges to surface watktse addressed pursuant to the permitting
strategy All new or increased discharges will be requiregtey below the statewid&/LA.

55



North Carolina Mercury TMDL

September 13, 2012

No linkages between elevated fish mercury concgotraand local large water and air sources
were identified. In order to avoid local impactrfrendividual point sources, a cap of wastewater
effluent mercury concentration will be developedQ and included in wastewater

permitting strategies. Fish tissue mercury conegiotns will be continually monitored and
evaluated by DWQ to investigate potential local acis of point sources in effluent dominated
streams. If necessary, DWQ will look to additiopalmit limitations and/or develop a site-
specific mercury TMDL.

6.6 Load Allocation

Load Allocation Calculations

Subtracting the WLAs calculated in Section 6.5 frim@ TMDL calculated in Section 6.3
according to Equation 6-13, and including an impMOS as discussed in Section 6.4, yields
the state’s mercury LA as 1794 kg/yr or 4.9 kg/day.

The primary nonpoint source of mercury is fromeamissions and hence load is allocated to air
deposition. As discussed in Section 6.1, globatesicontributed approximately 67% of the
existing NPL (or, 66% of the TSL), regional sourcestributed approximately 16% of the total
NPL (or, 15% of the TSL), and in-state sources itoated around 17% of the total existing NPL
(or, 17% of the TSL). The allowable loads from agploeric nonpoint sources are allocated
proportionally to their existing contributions. Laballocations are listed in Table 6-1.

Necessary Reductions to Meet LA

Natural sources cannot be controlled and are ezge¢otremain at the same long-term average;
therefore all mercury reductions must come fronmaogogenic sources. Natural sources within
North Carolina are estimated to be around 6% ofdted emissions from NC (contributing
approximately 1% of the total baseline load), whghround 56 kg/yr. Anthropogenic sources
within NC are estimated to contribute around 87&/kgf mercury, as the difference between
the INPL and the in-state natural source contridngi

In order to meet the allowable load for nonpoinirses (i.e., LA), the necessary reductions in
anthropogenic atmospheric deposition within Nordrdina can be calculated through the
equation below:

Percent reduction in anthropogenic deposition = RFE1 — percent of natural contribution)
=67% / (1-6%)
=71% (6-14)
Therefore, the necessary reduction for anthrop@ggnisources within NC is 71%.
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Since the contributions from global and regiondlrel emission sources to air deposition of
mercury within NC is not readily known, this TMDIods not calculate reduction goals for air
emissions from out-of-state anthropogenic sourcssead, the out-of-state emission reduction
goals are based on all air emission sources.

Table 6-1. TMDL Load Allocation and Expected Redutt

Nonpoint Source Percentage | 2002 Baseline Load|  Allowable Load Expected
Contribution Reduction
(kglyr) (Ibslyr) (kglyr) (Ibslyr)

Globa* 66% 3,661 8,05¢ 1,2(8 2,658 67%"
Regiona** 15% 844 1,857 278 612 67%"
In- Natura 1% 56 123 56 123 N/A
Stateé Fanthropogeni 16% 87€| 1,92 257 55E 71%
Total 98% 5,437 11,961 1,794 3,948 67%

* In this TMDL, mercury air sources coming from sigte the CMAQ model 12 km model
domain are referred as global sources.

**Mercury air sources within the CMAQ model 12 knodel domain but outside North
Carolina are referred as regional sources.

*Expected percent reductions from global and rediaimaources are reductions in total air
deposition of mercury.

6.7 Daily Load

Because this TMDL addresses mercury accumulatidishnover long periods of time, annual
loads are the technically appropriate approaclexpressing mercury loading goals. Daily loads
cannot be shown to correlate to fish tissue comatahs. Therefore, the calculations and
compliance with this TMDL are based on annual lo&ttsvever, in order to comply with

current EPA guidance, the TMDL is also expressed @aily load.

6.8 Final TMDL

As discussed in Sections 6.1 and 6.2, in orderdtept the North Carolina waters from mercury
impairment and ultimately remove the fish consuoptdvisory, a total 67% of reduction is
expected from the baseline mercury loading. Theltieg TMDL goal is then 1,831 kg/yr or 5.0
kg/day.

As described in Section 6.4, a very conservativ@ioit MOS, based on several factors, is used
for this TMDL, and therefore, it is not necessaryrtclude an explicit MOS in the calculations.
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Calculation of the WLA and LA are described in $@t$ 6.5 and 6.6 respectively. The final
TMDLs for North Carolina are shown in Table 6-2 bwth annual and daily loads.

The WLA is defined for this mercury TMDL as 2% betTMDL to ensure that water point
source mercury loads remain small and continuetoedse.

The allowable loads from atmospheric nonpoint set®) are allocated proportionally to their

existing contributions. Load allocations and redhg needed to achieve the target level are
listed in Table 6-1 under Section 6.6.

Table 6-2. TMDL allocation summary.

Annual Load* Daily Load

(kglyr) (Ibslyr) (kg/day) (Ibs/day)
Baseline Point Source 112 247 0.5 0.7
Baseline Nonpoint Source 5,4%7 11,9¢1 14.¢ 32.¢
Baseline Total 5,848 12,208 15.2 335
Margin of Safety Implicit Implicit Implicit Implicit
Wasteload Allocation 37 81 0.1 0.2
Load Allocation 1,7¢4 3,948 4.¢ 10.¢
Total Maximum Daily Load 1,81 4,C29 5.C 11.C

*Annual loadis included to facilitate implementation of thelglallocations as appropriate in

NPDES permits and nonpoint source directed managemeasuressee Section 6.7.
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7. SEASONAL VARIATION AND CRITICAL CONDITION

Seasonal variations afid.critical conditions for stream flow, loadingna water quality
parameter$are discussed in 40 CFR Part 130.7(c)(1). Theleggn states thatfor pollutants
other than heat, TMDLshall be established at levels necessary to agathmaintain the
applicable narrative and numeric8/QS with seasonal variations and a margin of safdtih
takes into account any lack of knowleadgacerning the relationship between effluent
limitations and water quality. Determinations of DiMs shall take into account critical
conditions for stream flow, loading, and water dtyaparameters”

Mercury deposition and concentrations in water \rg to seasonal differences in rain and wind
patterns, but this variation is not relevant beeamgrcury concentrations in fish represent
accumulation over their life spans. Factors sucsizsand waterbody conditions have greater
effect on mercury concentrations than seasonahtiani. The mercury concentration in the fish
represents an integration of all temporal variatiprto the time of sample collection. Variability
among fish because of differences in size, didfithg and other undefined factors are expected
to be greater in sum than seasonal variabilitysTTIMDL is expressed as an average annual load.

Critical conditions in this TMDL are related to séivities of water bodies to mercury loading
because of their water chemistry. Fish mercury eotrations tend to be higher in the eastern
coastal plain regions of North Carolina than thioséne mountain and piedmont regions. This
aspect of critical conditions has been addresséusirMDL by using the 90percentile of the
standardized-length Largemouth Bass mercury coratén over the entire State of North
Carolina. The mercury concentrations in the mogufar and most likely consumed fish species
in eastern North Carolina are usually less thasdtfound in Largemouth Bass and much less
than the 98 percentile of the standardized-length LargemouwbsBIt is reasonable to expect
that mercury concentrations in the most likely eoned fish species in eastern North Carolina
will be lower than the target level once the Largeth Bass mercury concentrations would
decline below the target level. The"™®ercentile is calculated from standardized-length
Largemouth Bass mercury data, which has also agidlteselection of rare incidences from
original samples of large-sized, long-living fi8y taking into consideration the most sensitive
water bodies, the relatively insensitive water lbadwill be protected as well.
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8. REASONABLE ASSURANCE

A complete TMDL evaluation requires reasonable i@sste that the impaired waters will attain
water quality standards. In this TMDL, nonpoint sms are the major source of the pollutant.
Studies have shown that reductions in mercuryraisgons on state, federal, and international
levels will significantly reduce mercury concenimas in fish (e.g.,
http://www.newmoa.org/prevention/mercury/Mercury8essStorySummary.pdiReasonable
assurances are provided in the following to showtvaictions are available and will continue to
reduce mercury contamination in North Carolina, aét new or proposed actions will further
reduce mercury in fish to fulfill the goal of thi$vIDL.

Based on the programs listed below, the expecthdctions from North Carolina air emission
sources are expected to exceed the reduction ggabged in this TMDL. DWQ expects that
these initiatives will eventually lead to reducsosufficient to reduce fish mercury
concentrations in North Carolina water bodies. Utadeties about implementation of reduction
efforts world-wide and the complexity of mercuryctigg make it difficult to predict when the
effects of these actions will result in significamiprovements in North Carolina.

8.1 State Level Assurances

a) Air Quality

Clean Smokestacks Act and Expected Reduction in Meury Emissions in NC
(http://daq.state.nc.us/news/leghg/
North Carolina's General Assembly enacted legahaitn 2002 in controlling multiple air
pollutants from coal-fired power plants. The Cl&mokestacks Act requires power
companies to reduce their smog- and haze-formingstons by approximately three-fourths
over the next decade. Under the act, coal-firedgggdants must achieve a 77% cut in NOx
emissions by 2009 and a 73% cut in SO2 emissiorZ)hg.A significant co-benefit
resulting from the controls being put in placegduce NOx and SO2 is a reduction in
mercury emissions.

Although the Clean Smokestacks Act does not set capnercury, DAQ has estimated that
the controls needed to meet the NOx and SO2 lwiltseduce mercury significantly #2%
reductions (from baseline year 2002) of mercuryssions from stationary point sources are
projected by 2016 (see Section 5.2).This levetddiction exceeds the reduction goal (71%)
identified in this TMDL for in-state anthropogemit emissions

Expected Reduction in “Deposition-prone Mercury” Emissions in NC

60



North Carolina Mercury TMDL

September 13, 2012

Organic methymercury in fish largely comes fromrgamic airborne mercury that is
deposited into waters. Mercury emitted from indassources, depending on the mercury
species emitted and other factors, can deposillyomad regionally in U.S. water bodies, as
well as contribute to the global pool, where it tentransported and deposited around the
world. Each of the mercury forms described below &alifferent fate in the atmosphere.

Mercury exists in the atmosphere in three formsparcies: (1) elemental gaseous mercury,
Hg®, which is relatively non-reactive; (2) gaseousdizéd mercury, HY, which is highly
reactive; and (3) particulate bound mercury” Hehich is attached to particles.

Since it is gaseous and non-reactive, elementatunghas a long atmospheric residence
time on the order of a year and is capable of beagsported over very long distances,
forming the global background of mercury. Thislglbmercury background circulates
around the world, as it is referred to as the dlpbal, in which HJ dominates the total
mercury composition (greater than 95%) (NESCAUM)&0

The other two species, gaseous oxidized mercurpartttulate bound mercury, levels in air
are locally elevated near sources. Due to theirtshatmospheric lifetime on the order of
days to weeks, H§and H§ are transported over relatively short distancescam deposit
via wet (rain) or dry processes within roughly 6G00 miles of their source. Total mercury
deposition is likely to be dominated by all souroésig’ including global sources, while
deposition of H&f and HJ is primarily from local and regional sources. Hoee

conversion between mercury species may occur datmgspheric transport, which will
affect the transport time and distance (Marsik.e2807; NESCAUM, 2008).

For the purpose of this TMDL report, Fland Hg? emissions from NC sources are
considered to be theléposition-prone mercutgpecies given their expected behavior for
significant local deposition. Since mostHmd Hg? emissions are expected to deposit
within NC boundaries after release, DAQ considkes¢ two deposition-prone mercury
species to be more important metrics for TMDL pgg®than total mercury emissions.

Similarly to the different atmospheric fate of mamcspecies, the emission control

characteristics of mercury are likewise speciesddpnt. According to a large body of

measurements on speciated mercury emission cdotrobal-fired utility boilers,
Little-to-no elemental mercury is collected in 88U electrostatic precipitators or wet
scrubbers, as the effective emission control telcyydfor Hd is activated carbon.
Most (> 90%) H§ and Hg? is collected in EGU ESPs or wet scrubbers.

Since the control and deposition characteristiani@fcury emissions are species dependent,
it is critical to develop emission inventories fdvIDL purposes on mercury species rather
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than on total mercury. Accordingly, DAQ has develdgmission inventories to show the
relative reductions of mercury species between 200022016. A focus on the deposition-
prone mercury species emissions, rather than ahrt@rcury emissions, more accurately
meets the TMDL objectives. Table 5-1 indicateselisran expected 72% reduction in total
mercury emissions between 2002 and 2016. But Tafilshows an expected 81% reduction
in the deposition-prone mercury species emissiehsdren 2002 and 2016. The mercury
speciation estimates for the EGUs are based onnowsiemission measurements, while the
mercury speciation estimates for the Other Poinir&ss are based on engineering judgment
made by EPA (EPA, 2011). Further information oncggted mercury emissions and on
deposition modeling from NC industrial sources Wil presented in the 2012 Mercury
Report (DAQ, 2012).

Table 8-1. Expected Reductions in NC's Depositioome Mercury (H§ and H§?) Emissions

2010 2016* 2002-2016
SRUIES I 2R Jogeen Ibs/year Ibs/year Reduction
Electric 0
Generating 1,645 655 125 92%
Other Point 1,050 440 400 62%
Total 2,695 1,095 525 81%

*2016 projected emission include EPA’s Electric &ating Units Maximum Achievable
Control Technology (MACT) Rules and planned shutdsifuel conversions.

The expected 81% reduction in deposition-prone orgremissions from North Carolina
sources will likely lead to greater reductions iaroury deposition than would be needed to
meet reduction targets in this TMDL. Achieving #»ected reduction in air emissions of
deposition-prone mercury species within NC mayoiitice another layer of margin of safety
towards the goal of this TMDL.

Mercury Regulations For Electric Generators(excerpts):
(http://www.ncair.org/rules/rules/D2509.péfhttp://www.ncair.org/rules/rules/D2511.pdf
North Carolina also has two State mercury rulesdiaerve to be highlighted. They are
15A NCAC 02D .2509, Periodic Review and Reallogaicand 15A NCAC 02D.2511,
Mercury Emission Limits (see links above).

Under 15A NCAC 02D .2509, NC Division of Air Qualishall report to the EMC
information on the regulation of mercury emission2008 and 2012. Based upon the
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upcoming 2012 report, the EMC will review the statenercury technology and decide if
any rule changes are needed.

Under 15A NCAC 02D .2511, Duke Energy and ProgEassrgy, two of the State’s largest
mercury emitters, must submit mercury control plEnBAQ by January 1, 2013. Each plan
must identify the technology proposed for use ahed their units, the schedule for
installation and operation of mercury controlsatheunit and the identity of units that will
be shut down. Any unit that does not have mercontrols installed by the end of 2017 is
required to be shut down by December 31, 2017.EHM€E will approve a mercury control
plan if it finds that the plan achieves the maximlerrel of reductions in mercury emissions
at each unit that is technically and economicasible. In addition, each utility will
provide DAQ with mercury reduction data collectédoar boilers before and after the
installation of selective catalytic reductions (3}Rnd scrubbers. All new sources are
required to install the best available control tedlbgy with an emissions limitation, based
upon the maximum degree of reduction of mercurgnfamal-fired electric steam generating
units that is achievable for such units taking itcount energy, environmental, and
economic impacts, and other costs.

Although the federal Clean Air Mercury Rule no lengxists, significant mercury
reductions in North Carolina have already occurréde controls needed to comply with the
Clean Smokestacks Act and the federal Clean Aarsétate Rule provide significant co-
benefits in the form of mercury emission reductions

Mercury Programs For Non-electric Generators Mercury emissions from non-EGU
facilities are declining in North Carolina as weEmissions from steel mills continue to
decline due to implementation of a State law teguires the removal of mercury switches
from scrapped vehicles. In addition, the EPA adbpigzardous air pollution standards for
industrial boilers in March 2011that will requirediustrial boilers to meet certain limits for
mercury. EPA agreed to reconsider certain elemaritse final boiler rule and is expected
to finalize this rulemaking in May 2012.

b) Water Quality

Effluent Limit
Local impacts from wastewater discharges primardgur where the facility discharges to
an effluent dominated stream. In those cases, Bi2B\6 permit requires more stringent
controls for BOD removal (monthly average limite @ommonly in the range of 5-15 mg/l).
TSS limits are not reduced at the same time behure TSS exerts its own oxygen demand,
dischargers must, practically speaking, reduce in®®der to meet the lower BOD limits.
Hence, these restrictive effluent limits to protessteiving waters have the added benefit of
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low methylmercury concentrations in the receivingtev because most of the mercury is
associated with solids and mercury methylation terige lower with lower concentrations of
organic matter.

In some major coastal plain river basins such ashN©arolina’s Neuse River and Tar-
Pamlico River basins, nutrient TMDLs were developedontrol coastal eutrophication.
Many facilities in these basins have already camekto biological phosphorus removal, or
“Bio-P”, processes to meet phosphorus effluenttinin the Neuse basin, for example, 20 of
the 29 wastewater treatment plants with 0.5 MGDacdyp or greater employ some form of
Bio-P process. This advanced level of treatmenices effluent solids considerably and in
doing so reduces mercury discharge.

As discussed in Section 5.2, seven of the fourpeaver plants are being converted to natural
gas or retired by the year 2016. The remaining:ilii@s currently have Flue-gas
desulfurization (FGD) wastewater treatment systemhsch are very efficient in removing
mercury from their discharge. Three facilities (Btzall Steam Station, Allen Steam Station,
and Belews Steam Station) have mercury concentisatiothe discharges typically less than
5 ng/L.Some facilities (Cliffside Steam station, Mayo $testation, and possibly Roxboro
Steam Station) are installing a Zero Liquid DisgfeaBystem that would virtually eliminate
any mercury discharges to the receiving stream.

All the actions listed above would significantlyodease point source load of mercury to the
water bodies in NC.

Wastewater Monitoring (http://portal.ncdenr.org/web/wg/swp/ps/npdes/gnas
http://portal.ncdenr.org/web/wg/swp/ps/pret/mercury
Certain facilities are required to use the EPA Meth631E (or subsequent low-level
mercury methods approved by EPA in 40 CFR Part @8@n analyzing for ultra low levels
of total mercurypecause either the facility has a current totalcomgrlimit in its NPDES
permit that is <0.20 ug/l; or the facility has liewl instream dilution.

Fish Tissue Monitoring (http://portal.ncdenr.org/web/wag/ess/pau
Division of Water Quality monitors mercury and atleentaminants in fish across NC.
Special surveys included monitoring near Riegelwddatth Carolina to monitor fish tissue
after the removal of a known atmospheric mercutye®, a dismantled chlor-alkali plant.
Mercury monitoring has also been conducted at s=lesites across the State in cooperation
with the NC Division of Air Quality as part of cleair rules and as part of a long term effort
to monitor mercury trends at specific locations.

64



North Carolina Mercury TMDL

September 13, 2012

Fish tissue mercury concentration, which is thgetof this TMDL, will be continually
monitored and evaluated. In any cases of localyatkd fish mercury concentrations due to
local point sources, DWQ will look to additionalrpet limitations, and if necessary, develop
a site-specific mercury TMDL for those specific esast

c) Other State Programs

Mercury Switch Removal Law
(http://portal.ncdenr.org/web/wm/hw/programs/mecwiych):
The Mercury Switch Removal Program is a progranmater by the North Carolina General
Assembly that was signed into law on SeptembeR@@35. This law requires mercury-
containing convenience lighting switches to be reedofrom all end-of-life vehicles prior to
crushing, shredding, or smelting of these vehicles. August 11, 2006, with the state of
North Carolina participating, the EPA, automobilamafacturers , scrap processors, steel
makers and auto recyclers, signed a national Memdora of Understanding (MOU)
agreement which, in part, created the National ¥MetViercury Switch Recovery Program.
Following the NC DENR request to amend the exiskitvg so as to align with the National
Vehicle Mercury Switch Recovery Program, GovernaslBy, on June 29, 2007, signed
amendments to the Mercury Switch Removal legistatiehich incorporated guidelines from
the Memorandum of Understanding and realigneddfislated requirements. For the time
period since the law’s effective date, July 1, 2@@vough June 30, 2010, North Carolina has
collected 233,995 of the National Vehicle Mercuwit8h Recovery Program’s total
2,752,700 mercury switches for that period (8.56trfiNorth Carolina). For the same period
the estimated total number of switches available ¥3199,260 nationally and 289,112 in
North Carolina. The Program’s efficiency (ratiomfmber of switches collected divided by
the number of switches available, expressed ascamage) nationally was 24.6% and for
North Carolina it was 80.9% and for the past twargeNorth Carolina has ranked #1 in the
nation in switch removal efficiency. In other termorth Carolina’s Mercury Switch
Removal Program, during the three years of operatias collected 514.79 pounds of
elemental mercury that would otherwise have entdregnvironment through the
steelmaking process.

Dental Amalgam (http://www.p2pays.org/ref/32/31311.pdf
Amalgam is regulated as a hazardous waste becams=®oxicity Characteristic Leaching
Procedure (TCLP) tests have shown that it exhdbiggacteristic toxicity for mercury (40
CFR 261.24). Facilities that produce less than@aihds total of hazardous waste in any
one month are classified as "Conditionally Exempia$ Quantity Generators" (CESQGS).
Most dental facilities would fall into the CESQGe&gory. As indicated in the name, these
CESQGs are generally exempt from most federal Resdionservation and Recovery Act
(RCRA) requirements.
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The state of North Carolina prohibits the dispagdiazardous waste, even from CESQGS,
into municipal solid waste landfills (15A NCAC 13B626). Waste amalgam caught in the
traps and screens of the plumbing, as well as sitraps of amalgam from the dental office,
must be shipped to a properly permitted facilityturating amalgam capsules normally pass
the TCLP test and can be disposed as generalgatite. CESQGs are not normally bound
by storage time limits but cannot accumulate mbaa 2,200 Ibs total of hazardous waste.

Amalgam in wastewater is regulated either by tlveesaise ordinance of the local
wastewater authority for discharges to sewer systanby the local health department for
discharges to a septic tank. The sewer dischargefbr all users for mercury recommended
in the N.C. Sewer Use Ordinance template is 0.0008. Local limits may differ.
Dischargers to a septic tank are prohibited frogsehitrging hazardous waste and from
contaminating groundwater at the compliance bounddre standard at which a wastewater
is considered to be hazardous for mercury—thergfoahibited from land disposal—is 0.2
mg/l; the groundwater standard is 0.0011 mg/I ((NE2AC 2L.0200).

Fluorescent Lamps(http://p2pays.org/Fluorescent/regstatus)asp
Under federal and state regulations, commercialiahaistrial entities are required to
determine whether mercury-containing lamps, inelgaitompact fluorescents, which are
destined for disposal are classified as a hazandaste (Households are exempt from these
regulations).

A lamp is considered a hazardous waste if it exhithie characteristic of hazardous waste
toxicity. Generators can determine whether a laripbéts the toxicity characteristic for
mercury by using the TCLP to test the lamp or lpeindng documentation from the lamp
manufacturer, distributor, vendor or other reliakbeirce.

If a generator cannot demonstrate that waste largeon-hazardous, the lamps must be
managed as any other hazardous waste, includipgehit to a recycler as hazardous waste,
or they can be managed as universal waste. Thelodetson of hazardous waste lamps via
the process of crushing is considered treatmemntefaéors may crush lamps on-site in closed
containers. However, the crushed lamps are thesidered to be a fully-regulated hazardous
waste.

Mercury Pollution Prevention (http://www.p2pays.org/mercury/index.3sp
NC Division of Pollution Prevention and EnvironmainAssistance provides a wide range of
non-regulatory technical assistance on the elin@nateduction, reuse and recycling of
wastes such as mercury and the conservation of @ateenergy. Information is included on
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the following sectors and products: Auto, dentakital, laboratory, local government,
household; thermostats, fluorescent lights, thereters, and much more.

8.2 National and International Assurances

Due to the long residence time and the long ramgeeocury (especially elemental mercury)
being transported in the atmosphere, reductionseircury air emissions outside of North
Carolina will eventually lead to reduced mercurpaition in North Carolina and reduced
contamination of North Carolina fish. A varietymograms, initiatives and regulations exist in
the U.S. and internationally to address key mer@syes including data collection and
inventory development, source characterization,lsesd practices for emissions and use
reduction. Some major actions and regulations aserthed below. Additional information can
be found ahttp://www.epa.gov/mercury/other.htm#htl

Mercury Export Ban Act (http://frwebgate.access.gpo.gov/cgi-
bin/getdoc.cgi?dbname=110_cong_public_laws&docjul#§l414.110.pdf
The Mercury Export Ban Act was signed into law actédder 14, 2008. The Mercury Export
Ban Act includes provisions on both mercury expartd long-term mercury management
and storage. Because the United States is rankawokasf the world's top exporters of
mercury, implementation of the act will remove gngicant amount of mercury from the
global market. Currently, mercury is exported frthra United States to foreign countries
where it has various uses, including for use inlsstale gold (artisanal) mining. This use of
mercury raises worker safety and environmental €oms issues. To aid in addressing these
concerns, EPA has provided expertise to the Umiaibns Industrial Development
Organization's Global Mercury Project's artisanading project, which focuses on best
management practices to reduce occupational exposonissions and mercury use.

Mercury-Containing and Rechargeable Battery Managerant Act
(http://thomas.loc.gov/cqgi-bin/query/z?c104:H.R.2ENMR))
(http://www.epa.gov/osw/hazard/recycling/battery)pdf
The Mercury-Containing and Rechargeable Battery ddement Act of 1996 phases out the
use of mercury in batteries, and provides for fifieient and cost-effective disposal of used
nickel cadmium batteries, used small sealed leatikstteries, and certain other regulated
batteries. The statute applies to battery and mtosanufacturers, battery waste handlers,
and certain battery and product importers andleztai

Resource Conservation and Recovery Act (RCRA)
(http://www.epa.gov/mercury/regs.htm
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RCRA requires that EPA manage hazardous wastdading mercury wastes, from the time
they are generated, through storage and transjoortéd their ultimate treatment and
disposal. EPA has established treatment and regystandards that must be met before
these wastes can be disposed of. Certain mercistesva mercury-containing household
hazardous waste and waste generated in very soailitjes -- are exempt from some
RCRA hazardous waste requirements. RCRA also sgssien limits for mercury-
containing hazardous waste that is combusted.sSaagelargely responsible for
implementing the RCRA program and their requirerseain be more stringent than federal
requirements; for example, some states have itehgpecific mercury-containing wastes,
such as dental amalgam, as warranting more stritiggaiment and disposal.

Clean Air Act (http://www.epa.gov/air/cap/
The Clean Air Act regulates 188 air toxics, alsown as “hazardous air pollutants.”
Mercury is one of these air toxics. The Act dird€BA to establish technology-based
standards for certain sources that emit thesexitd. Those sources also are required to
obtain Clean Air Act operating permits and to coynplth all applicable emission standards.
The law includes special provisions for dealingwatr toxics emitted from utilities, giving
EPA the authority to regulate power plant mercunyssions by establishing "performance
standards" or "maximum achievable control techngldIACT), whichever the Agency
deems most appropriatePA has finalized Mercury and Air Toxics Standafiatspower
Plants fittp://www.epa.gov/airquality/powerplanttoxics/acts. htm)
(http://www.gpo.gov/fdsys/pkg/FR-2011-05-03/pdf/202237 .pdj to limit mercury, acid
gases and other toxic pollution from power plakégping 91 percent of the mercury in coal
from being released to the dm.addition, EPA adopted federal hazardous airupiolh
standards for industrial boilers in March 2011 thdk require industrial boilers to meet
certain limits for mercury. The agency agreedetmonsider certain elements of the final
boiler MACT rule and is expected to finalize thisamaking in May 2012.

Clean Water Act (http://www.epa.gov/regulations/laws/cwa.hyml
Under the Federal Water Pollution Control Act oté¢an Water Act” (CWA), States adopt
water quality standards for their rivers, strealases, and wetlands. These standards identify
levels for pollutants, including mercury, that mhstmet in order to protect human health,
fish, and wildlife. No person may discharge polhitsa including mercury, into waters unless
the person has a permit. Under the Clean Watereftbier EPA or States issue permits,
which must include limits that ensure the waterliggiatandards are met. In addition, EPA
and States issue information to the public on veatentaminated with mercury and on the
harmful effects of mercury, identify the mercuryismes and reductions needed to achieve
water quality standards. Regional or statewide orgre MDLs were developed and being
implemented in Minnesota, Northeast States and Jérgey.
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Under CWA Section 319(g), a state may petition E®ABonvene an interstate management
conference if the state is not meeting water guat@&ndards in whole or in part as a result of
nonpoint source pollution from another state. Aadl&Vater Act Section 319(g)

Management Conference took place on June 22-28, 2@Philadelphia, Pennsylvania. The
Management Conference was convened by EPA in respgora Clean Water Act Section
319(Qg) petition from the Northeast States
(http://water.epa.gov/lawsregs/lawsguidance/cwalimeticury/319qg.cfin In the petition,

the Northeast States indicated that reductions fyatside the Northeast States are needed to
meet the Northeast Regional Mercury TMDL goals, aached eleven upwind States as
contributing to the deposition in the Northeastcltaf the participating States introduced
their successes and lessons learned in their nygpcograms. The States also identified key
areas for further action at the state and nati@vals. One outcome of the conference was an
agreement among the participants that the dialbgusontinued among the participating
States in order to advance efforts to reduce megronissions.

Great Lakes Initiative - Regulation to Ban Mixing Zones in the Great Lakes
(http://water.epa.gov/lawsregs/lawsquidance/cwaidaitgli/finalfact.cfm)

EPA took a final action to ban the use of mixinge® that dilute bioaccumulative toxic
chemicals discharged into the Great Lakes systedouember 2000. This action prohibited
new discharges of toxic chemicals into mixing zoaed phased out the use of existing
mixing zones in the Great Lakbg November 15, 2010t has been found that toxic
discharges into mixing zones build up in the Gitedtes system and threaten human health,
aquatic life and wildlife. This regulation will barp to 700,000 toxic pounds annually of
chemicals that are discharged into the lakes amtdaitcumulate in fish and wildlife,

including mercury, dioxinpolychlorinated biphenyland pesticides. Mercury discharges
alone will be reduced by up to 90 percent.

EPA includes a limited exception that would allownimal use of mixing zones for
discharges of bioaccumulative chemicals for exgstacilities that may suffer unreasonable
economic effects.

Tennessee Valley Authority (TVA) Coal Plant Air Polution Settlement
(http://www.epa.gov/compliance/resources/cases/caaltvacoal-fired.htrl
A settlement was reached in April, 2011 in a lawbubught by the State of North Carolina
against the TVA for operating coal-fired power pgawith excessive air pollution. The
settlement requires TVA to retire at least 18 69 coal units including its oldest and most
polluting, install and continuously operate up-etelemission-control equipment on most of
the remaining units, and pay North Carolina $11illon in mitigation over the next five
years for energy efficiency and electricity-demaeadection programs.
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United Nations Environmental Programme (UNEP)
(http://www.unep.org/hazardoussubstances/Mercunghté®4/language/en-US/Default.agpx

UNEP has been working to address mercury issues &003. Currently, the UNEP mercury
programme has two main facets The Negotiating Process: In February 2009, the
Governing Council of UNEP agreed on the need t@ligva global legally binding
instrument on mercury; 2) UNEP Global Mercury Parship: Governments initiated
partnership activities at Governing Council 23 &age subsequently strengthened the role
of partnerships to effectively deliver mercury aities. Governing Council 25/5 specified
the UNEP Global Mercury Partnership as one of thenrmechanisms for the delivery of
immediate actions on mercury during the negotiatibthe global mercury convention. The
overall goal of the UNEP Global Mercury Partnersiipo protect human health and the
global environment from the release of mercury ésxdompounds by minimizing and,
where feasible, ultimately eliminating global, awaghogenic mercury releases to air, water
and land.

The Global Mercury Project (GMP)
(http://www.globalmercuryproject.org/about/about.hitm
The GMP began in August 2002 with a vision to desti@te ways of overcoming barriers to
the adoption of best practices and pollution préeemmeasures that limit the mercury
contamination of international waters from artidaaral small-scale gold mining. Six
countries have been formally participating in thdf Brazil, Lao PDR, Indonesia, Sudan,
Tanzania and Zimbabwe. The GMP aims to introduear@r technologies, train miners,
develop regulatory mechanisms and capacities wiBitimernment, conduct environmental
and health assessments and build capacity withitrcipating countries which will continue
monitoring Hg pollution after the project.

North American Regional Action Plan on Mercury
(http://www.cec.org/Page.asp?PagelD=924&ContentI®F) 2
The North American Regional Action Plan (NARAPYise of a number of such regional
undertakings that stem from the North American &grent on Environmental Cooperation
between the governments of Canada, the United Mex&tates and the United States of
America. The Agreement established the Commissio&fvironmental Cooperation to
"facilitate cooperation on the conservation, protecand enhancement of the environment
in their territories."

The purpose of the North American Regional Acti¢enPon Mercury is to provide the
governments of Canada, Mexico and the United StHtedParties to the North American
Agreement on Environmental Cooperation and toNB&RAP, with a path forward in their
joint and differentiated efforts to reduce the esyme of North American ecosystems, fish
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and wildlife, and especially humans, to mercurptigh the prevention and reduction of
anthropogenic releases of mercury to the North Acaarenvironment.
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9. IMPLEMENTATION PLAN

An implementation plan is not required for the agwai of a TMDL. Action items listed in the
Section 8 (Reasonable Assurance) are being impleaenhe effect of these action items will

be evaluated through continued monitoring effog®bVQ on fish tissue mercury
concentrations, wastewater mercury concentratindsseormwater mercury concentrations. A
permitting strategy will be developed by the NPDE® of DWQ with respect to wastewater
dischargers. A further detailed implementation pteay be developed in a later stage as needed.

Fish tissue mercury concentrations will be contilyuaonitored and evaluated by DWQ to
investigate potential local impacts from water p@iources or air emission sources. If necessary,
DWQ will look to additional NPDES permit limitatierand/or develop a site-specific mercury
TMDL. On the other hand, as reductions occur sififissue data show that target fish
concentrations are reached prior to current caledleeductions, reduction goals may be
modified accordingly.

Local stakeholder groups, governments, and ageaogesncouraged to develop an
implementation plan and utilize funding sourcesviater quality improvement projects targeted
at BMP construction and public outreach. Somemit@kfunding sources include the North
Carolina Clean Water Management Trust Fund, antdd®e819 and 205j funds. Individual land
owners may apply for the Community Conservationigtaace Program and Agriculture Cost
Share Program to improve the condition of theiperoy.

As noted before, a number of actions taken by tivesion of Air Quality under both state and
federal air pollution laws have the potential tgnsiicantly reduce mercury loading from air
emissions. DAQ is also identifying additional measithat could be taken to reduce mercury air
emissions and will seek public comment on thosaipesactions.
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10. PUBLIC PARTICIPATION

The development of this TMDL was publicly noticéaldugh various means. A website
regarding this TMDL was created and maintained by@during its development phase
(http://portal.ncdenr.org/web/wa/ps/mtu/tmdl/tmdlgheury). The TMDL process was reported
and presented in a number of conferences and myeefilist of these outreach activities can be
found at Appendix C. Two public meetings regardinig TMDL were held on May f4and 2%,
2012.

DWQ electronically distributed the draft TMDL andigic comment information to known
interested parties. The TMDL was also availablenftbe DWQ’s website at
http://portal.ncdenr.org/web/wg/ps/mtu/tmdl/tmdigring the comment period (Appendix D).
The public comment period lasted from Aprilch—? June 18, 2012. DWQ received comments
from 1700 individuals and organizations. A summafrtheir comments and DWQ’s response is
provided in Appendix E.
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11. FURTHER INFORMATION

Further information concerning North Carolina’s TMProgram can be found on the Internet at
the Division of Water Quality website
http://portal.ncdenr.org/web/wag/ps/mtu

Technical questions regarding this TMDL should ealed to the following members of the
DWQ Modeling/TMDL Unit:

Kathy Stecker
e-mail: kathy.stecker@ncdenr.gov

Jing Lin
e-mail:Jing.Lin@ncdenr.gov
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Appendix A. List of Abbreviations

AMAP — Arctic Monitoring and Assessment Programme
BAF — Bioaccumulation Factor

BOD - Biological Oxygen Demand

BMPs — Best Management Practices

CMAQ — Community Multi-scale Air Quality (Model)
CWA — Clean Water Act

DAQ - Division of Air Quality, North Carolina Depanent of Environment and Natural
Resources

DMR - Discharge Monitoring Report
DOC - Dissolved Organic Carbon

DWQ - Division of Water Quality, North Carolina Deppment of Environment and Natural
Resources

EGU - Electric Generating Unit

EMC - Environmental Management Commission
EoE — The Encyclopedia of Earth

EPA — United States Environmental Protection Agency
ERMS - The Eastern Regional Mercury Study
ESP — Electrostatic Precipitator

FDA — United States Food and Drug Administration
FGD - Flue-gas Desulfurization

GNPL — Air deposition that is due to global sources
Hg — Mercury

Hg (T) — Total Mercury

INPL — Air deposition that is due to In-state s@sc
LA — Load Allocation

LMB — Largemouth Bass

MACT — Maximum Achievable Control Technology
MeHg — Methylmercury

MMPs — Mercury Minimization Plans

MOS — Margin of Safety
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MS4s — Municipal Separate Storm Sewer Systems

MSE — Mercury Study Extension

NADP-MDN — National Atmospheric Deposition Prograercury Deposition Network
NC DENR — North Carolina Department of Environmeantl Natural Resources
NC DHHS — North Carolina Department of Health andtdn Services
NOx — Nitrogen Oxides

NPDES - National Pollutant Discharge Eliminatiorst&yn

NPL — Nonpoint Source Load

PSL — Point Source Load

PTFE — Polytetrafluoroethylene

RF — The Reduction Factor

RNPL — Air deposition that is due to regional s@src

SCRs — Selective Catalytic Reductions

SO2 - Sulfur Dioxide

TOC — Total Organic Carbon

TSL — Total Source Load

TMDL — Total Maximum Daily Load

TSS — Total Suspended Solids

UNEP — United Nations Environment Programme

USGS — United States Geological Survey

WLA — Wasteload Allocation

WQS — Water Quality Standards
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Appendix B. Mercury Photochemical Modeling for Division of
Water Quality’s Mercury Total Maximum Daily Load (T MDL)
By Nick Witcraft
North Carolina Division of Air Quality

The primarily goal of this study is to estimate #rmount/percentage of atmospheric mercury
deposition in North Carolina that is attributedstaurces in North Carolina. A secondary goal
was to estimate the percentage of atmospheric medeyosition that is from the global pool.

Methodology

The North Carolina Division of Air Quality (NCDAQonducted a series of modeling runs to
generate estimates of atmospheric mercury deposifille model was a special version of
CMAQ (Community Multiscale Air Quality model) vemsi 4.71 obtained from U. S.
Environmental Protection Agency (USEPA) that inéddnercury chemistry. The CMAQ
model and associated inputs were used for thedzsgemodeling of the USEPA’s Mercury and
Air Toxics rule. The USEPA ran a national 36 km E®Irun with boundary conditions from
the GEOS-CHEM model. GEOS—-Chem is a global 3-Dribal transport model for
atmospheric composition driven by meteorologicpuinfrom the Goddard Earth Observing
System (GEOS) of the NASA Global Modeling and Askition Office. The nested 12 km
CMAQ run used boundary conditions from the 36 km rif’he USEPA performed a model
performance evaluation on the meteorology anduwatity modeling. Since NCDAQ used the
same version of the CMAQ model with identical irgptdr the base run, the NCDAQ relied
upon the USEPA’s model performance evaluationsdigchahot conduct a separate model
performance evaluation for this study.

Figure 1: Outer 36km CMAQ modeling domain (lefidanested inner 12km modeling domain
(right).
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NCDAQ conducted all model runs at 12 km using thilowing data obtained from the USEPA:
2005 base year emissions,
boundary conditions from the 36 km USEPA run, and
meteorology files processed through the MeteorclGggmistry Interface Processor
(MCIP).

NCDAQ first ran a base case CMAQ run with full esniss and boundary conditions for 2005.
Next a series of zero-out sensitivities were penfmt to estimate the contribution of atmospheric
mercury deposition in North Carolina.

Table 1. Model runs

Run Name Emissions Boundary Conditions

Base 12km USEPA Emissions 36 km USEPA run

Zero NC 12km USEPA Emissions with North u%6 km USEPA run

Carolina’s mercury emissions zeroed 0
Boundary conditions with zero

No BC 12km USEPA Emissions mercury emissions

To zero-out the emissions over North Carolina, #irstep process is required. First a mask
grid was created for North Carolina (Figure 2).efitthe mask was applied to the
“emis_mole_all” files to zero out the low level essions over North Carolina. The Figure 3
shows the Base emissions (left) and ZeroNC emisgiaght) after the mask is applied.

Figure 2: Grid cell mask for North Carolina
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Figure 3: Low level mercury emission inputs atQ&80IC June 30, 2005. Base emissions (left)
and North Carolina zero out (right).

The next step is to zero out all North Carolinassiains within the stack files. The emission
files from the USEPA contained 4 different stad&di electric generating units, non-electric
generating units, shipping, and other point sourddse stack emissions reference a master file
that contains a state’s FIPS code, Latitude andjitode for each source. A simple mask was
created for each type of stack file based on thehiNDarolina FIPS code (37***), and the mask
was applied to each stack file type to zero ouktiessions over North Carolina.

Results

As a first quality assurance step, the hourly ayer@r concentration (ACONC) files were
examined. The image below shows the differencaercury concentrations, between the base
run and the North Carolina zero out run, 5 houts the first day of the model run. Note that all
significant differences in mercury originate fronoth Carolina.

Figure 4: Difference in mercury concentrationsaeen the base and North Carolina zero out
runs after 5 hours of model integration.
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To calculate the atmospheric mercury depositiomiwiNorth Carolina, a mask similar to Figure
2 is applied to the mercury deposition output dredeposition data is extracted. This provides
the data in kilograms (kg) per hectare (ha) folhegred cell. The kg/ha for each 12 km grid cell

is converted to kilograms deposited through thietahg equation:

(X kg/ha/cell) x (100 ha/kA) x (144 kni/cell) = Y kilograms

Next the grid cells are summed up for the masked.aFinally, the sum is adjusted to account

for the actual number of hectares within the stdtlee mask covered 135,216 hectares and the
actual number of hectares in North Carolina is 389, Therefore, the summed gridded results
were multiplied by 139,389/135,216 or 1.0309.

Table 2 shows the modeled atmospheric mercury depos North Carolina for the Base and
Zero NC modeling runs. The modeling indicates #pgiroximately 15.8% of the atmospheric
mercury deposition in North Carolina is from No@harolina sources. The exact amount of
mercury deposition is very uncertain, and NCDAQ imash more confidence in the percent
contribution. Figures 5 through 12 show the depmsresults. The largest differences in
deposition are located across the Piedmont.

Table 2. Mercury Deposition Modeling Results oMerth Carolina, in kilograms/year

" L") "$
% & $" s s
( , y y
*&') + # #
ot -) "
&+ & ) ! 1$", 1"

Figure 5: Dry mercury deposition for the Base raft and Zero NC run (right).
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Figure 6: Difference in dry mercury depositionvee¢n the Base and Zero NC runs.

Figure 7: Wet mercury deposition for the Base taft)(and Zero NC run (right).

Figure 8: Difference in wet mercury depositionvioen the Base and Zero NC runs.
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Figure 9: Total mercury deposition for the Base (left) and Zero NC run (right).

Figure 10: Difference in total mercury depositlmetween the Base and Zero NC runs.

Figure 11: Close up view of total deposition inrtioCarolina. Base (left) and Zero NC (Right).
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Figure 12: Close up view of North Carolina — éifnce in total mercury deposition between
the Base and Zero NC runs. Left image is on aliseale, right is the percent difference

between the two runs.

Table 3 shows the total kilograms of mercury degsiover North Carolina, Minnesota, and
the Northeast. The results for these other aneagravided for comparison to other state’s

mercury TMDL efforts.

Table 3. Base Run Mercury Deposition Totals, ify&gr

Area Dry Deposition Wet Deposition Total Deposition
North Carolina 3,651 1,588 5,239
Minnesota 3,985 1,849 5,834
Northeast 7,925 2,995 10,920

No mercury emissions at boundary

A run was made with no mercury emissions at therilPlomain boundary (No BC). By
comparing the Base and No BC runs (Table 4) isisrated that nearly 70% of the mercury
deposition in North Carolina is from sources owgdioe 12 km domain.

Table 4. Clean Boundary Condition Impact on MeydDeposition over North Carolina, in kg/year

=]

Run Dry Deposition Wet Deposition Total Depositio
Base 3651.3 1588.1 5239.4

No BC 1198.2 379.4 1577.6
Difference

(12 km boundary 2453.1 1208.7 3661.8
contribution)

% Contribution of mercury

deposition in NC by sourceg 67.2% 76.1% 69.9%
outside the 12km domain
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Appendix C. Outreach Activities

DAQ Outreach Activities:

1)

2)

3)

4)

5)
6)

7)

8)

Unifour Air Quality Conference in Hickory, NC; M&b, 2010; approximately 90
attendees including significant local governmentipigation.

DAQ Regional Supervisors were updated on June 1@Q10; approximately 25
attendees.

Mercury Total Maximum Daily Load Update, joined DAGWQ information item to
Environmental Management Commission; September;2ddfroximately 50 people.

Update on Mercury Total Maximum Daily Load, joinBAQ/DWQ information item to
Environmental Management Commission; July 2011r@pmately 50 people.

Outside Involvement Committee Meeting, August 9 PGpproximately 20 people.
Outside Involvement Committee Meeting, Novembe2@l, 1, approximately 20 people.
Update on Air Quality Modeling Results for Mercufgtal Maximum Daily Load
(TMDL), information item to Air Quality Committeglanuary 11, 2012; approximately
50 people.

Outside Involvement Committee Meeting, February2D42, approximately 20 people.

DWQ Outreach Activities:

1)

2)

3)

4)

North Carolina Statewide Mercury TMDL web page
(http://portal.ncdenr.org/web/wa/ps/mtu/tmdl/tmdightury) was created and put online
on May 24", 2010.

North Carolina American Water Works Association #melNorth Carolina Water
Environment Association (NC AWWA-WEA) Water ResoesacCommittee meeting in
Raleigh; June 10, 2010; approximately 30 people.

Regional Stormwater Partnership Meeting in Chaglatine 11, 2010; approximately 35
people.

Mercury and pH seminar by Kathy Stecker in Ralefghgust 2, 2010; approximately 45
people.
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7)

8)

9)
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Mercury seminar by Dr. Helen Hsu-Kim from Duke, anncement/discussion of
statewide mercury TMDL by Kathy Stecker; Aug™.2010; approximately 20 people.

North Carolina Chapter of American Public Work Asistions - Water Resources and
Technology Conference - Asheville, NC; Septembet,(2 approximately 200 people

Mercury “Total Maximum Daily Load” (TMDL) Updatejoined DWQ/DAQ
information item to Environmental Management Consiais; September 2010;
approximately 50 people.

Update on Mercury Total Maximum Daily Load, joinB&VQ/DAQ information item to
Environmental Management Commission; July 2011r@pmately 50 people.

The 2011 North Carolina Environmental, Energy, Ite&l Safety School by
Manufacturers and Chemical Industry Council of Rd@arolina (MCIC); August 23,
2011; approximately 50 people.

10)Update on Mercury Total Maximum Daily Load (TMDLljformation item to Water

Quality Committee; January 11, 2012; approximab€lypeople.

11)Fish Mercury Contamination seminar by Dana Sackettn North Carolina State

University, announcement/discussion of statewidecorg TMDL by Kathy Stecker;
January 27, 2012; approximately 25 people.

12)Western Piedmont Water Resources Committee med&tetguary 15, 2012;

approximately 30 people.

13)Complying with North Carolina’s Water Quality Regtibns 2011 — Apractical

Workshop for Dischargers by MCIC; February 12, 2Cd@oroximately 50 people.
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Appendix D. Public Notification of North Carolina@vcury TMDL on April 27, 2012 (last
updated August 8, 2012)

1. DRAFT Statewide Mercury Total Maximum Daily Load\MIDL)
2. DRAFT Mercury Post-TMDL Permitting Strategy (for stawater)
3. North Carolina’s Mercury Reduction Options for Noint Sources

Interested parties are invited to comment on tlaét dMDL and the Permitting Strategy Byne
18", 2012 We will accept comments to the Mercury Reductiptions for Nonpoint Sources
until August 31, 2012The three documents and information about publietmgs can be
found athttp://portal.ncdenr.org/web/wag/ps/mtu/tmdl/tmdighcury

The Draft NC Mercury TMDL was developed to meetuiegments of Section 303(d) of the
Federal Water Pollution Control Act. It is subjéztapproval by EPA. The other two documents
provide supplemental information on how the appdoM&€ Mercury TMDL will be

implemented. They are not subject to approval b& BRd will not be included in the TMDL
package that will be submitted to EPA.

We invite comments on how to improve the claritytte# Draft NC Mercury TMDL, as well as
guestions and feedback on the draft wastewaterifiergstrategy and reduction options for
nonpoint sources. The documents may be modifieddbas the comments received. Comments
and responses on the Draft NC Mercury TMDL willibeluded in the TMDL package to be
submitted to EPA.

Comments concerning these three documents onlyabeuwirected to Jing Lin at
Jing.Lin@ncdenr.gov
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Appendix E. Public Comments Response Summary
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